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DRAFT ENVIROI\MENTAL IMPACT STATEMENT
TAILINGS MODERNIZATION PROJECT

MAGNA, UTAH

LEAD AGENCY: Departnent of the Army
U.S. Anny Engineer District, Sacramento
Corps of Engineers

Mr. Michael Schwinn, Project Manager
U.S. Army Corps of Engineers
Sacramento District
Utah Regulatory Office
1,103 South 600 West, Suite A
Bountiful, Utah 8,1010
(80r) 295-8380

FOR ADDMONAL INFORMATION:

The applicant for this project is the Kennecott Utah Copper Corporation (Kennecott). The proposed

project, Tailings Modernization Project, would require approval by the U.S. Army Corps of

Engineers (Corps). This environmental impact statement (EIS) is a Corps permit action under Section

404 of the Clean Water Act of LW. Addrtronal specific authorizing actions, including permit

approvals from agencies representing the United States, the State of Utah, the County of Salt Lake,

and the City of Salt Lake, are pending.

ABSTRACT: Kennecott has undertaken a modernization program at the Bingham Canyon Mine. As

part of the overall modernization program, Kennecott is proposing to undertake a tailings

modernization project that would transition existing tailings storage operations to a new impoundment

north of Kennecott's existing tailings storage impoundment. This would allow for continued storage

of tailings, provide a seismic upgrade for the existing impoundment, and allow continued operation of

other modernized Kennecott facilities. 1as tailings modernization project would transition current

tailings storage operations to the new impoundment in late 1998. The new impoundment area would

accommodate tailings generated over approximately 25 to 30 years of copper production.

COMMENTS: Comments must be received bv and should be sent to the

tz
ri

10

I

Project Manager, Attention: Utah Regulatory OfFce, at the above Corps address.
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CIIAPTER 1 - PIJRPOSE AND NEED FOR ACTION

r.1 BACKGROI'NI)

1.1.1 Binsham Canvon Mine

Kennecott Utah Copper Corporation (Kennecott) owns and operates the Bingham Canyon Mine,

an open-pit copper mine located 30 miles southwest of Salt Lake City @gure 1-1). Copper ore

from the mine is processed at concentator, smelter, and refinery facilities located in the foothills

of the Oquirrh Mountains. The Kennecott complex consists of both above- and below-ground

mining and processing operations that have been active in this area since the early 1900s.

Bingham Canyon Mine is a major global source of copper, with a current annual production of

more than 250,000 tons. Kennecott's Bingham Canyon Mine facilities include the open-pit mins,

Copperton and North concentators, smelter, refinery, and existrng 6ilings imFoundme,nt. The

mins, concentators, smelter, refinery, and tailings facilities generally operate 24 hours a day,365

days a year.

To produce copper metal at the Bingharn Canyon Mine, copper-containing ore is mined 61d

tansported to the Copperton and North concentrators. There, the ore is crushed and grotmd, and

copper minerals are ortracted using a flotation process. The resulting concentate is sent to

Kennecott's smelter and refinery for further processing. After the copper and other economic

metals are exfracted from the ore, the remaining fine materials, or tailings, are tansported as a

slurry mixnre by a pipeline from the concentators to the existing impoundment for storage.

Tailings are the unused portion of the ore and an unavoidable and non-economic by-product of the

e>rtraction of economic minerals from ore.

1-l
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1.1.2 Existine Tailinss Facility And Ooeration

The existtng tailings impoundment near Magn4 Utah, approximately 15 milss we5l of downtown

Salt Lake City, has received lailings from past copper production and now receives tailings and

smelter slag from the Copperton and North Concentrators. The impoundment is bounded by

Highway 201 on the south, Highway 202 and a gypsum tailings imFoundment on the wes! the

Union Pacific Railroad tacks on the north, and County Road 8000 West on the east (Figtue 1-2).

f6131 lailings production is approximately 152,000 tons per day (TPD) from the trro existrng

Concentrators. Copperton concentrator produces approximately 122,000 TPD and North

Conce,ntrator produces approximately 30,000 TPD.

l.l.2.l Copperton Concentrator and Tailings Discharge System

Approximately 122,000 TPD of tailings from the Copperton Concentrator are sent to the lailings

impoundment. The tailings are fransported via a 48-inch diameter concrete pipeline to a splitter

box (a 11o* fivirling chamber) on the hillside of the north end of the Oquirrh Mounains south of

Highway 201. Anew pipeline bridge was installed in 1994 to convey tailings from the splitter box

to the impoundment. At the splitter box, Copperton's tailings flow is divided between two 28-inch

diameter pipelines that feed the existing impoundment peripheral discharge system and a 48-inch

diameter pipeline known as the Copperton single-point discharge.

Normally, about two-thirds of the Copperton tailings are sent to the imFoundment by the peripheral

discharge system, which consists of 4 pipeline segments, each pipe distributing tailings to a single

quadrant of the existing impoundment. A total of 39 spigotting pipe sections, each approximately

1,500 feet in length, are used to distibute the tailings. This system of pipes distibutes tailings

sequentially along the entire perimeter of the inpoundment and provides effective dust control and

enhanced beach dwelopment since 1988. The rernaining Copperton tailings e,nter the

impoundment through the Copperton singls-psinf discharge. During periods of ocfieme cold or

during periods of peripheral discharge system operational upsets, the entire Copperton lailings

stream can be routed through the Copperton single-point discharge.

1-3
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1.1.2.2 North Concentrator

The North Concentrator uses two launderers (i.e., concrete flumes) to convey tailings from the

concentator to the pump station and then uses a single point discharge for placement on the

impoundment. failings from the North Concentator are discharged at a rate of 30,000 TPD

directly into the impoundment through this system.

1.1.2.3 Decant Pond And Process Water System

After being deposited in the imFoundment, the solids within the slurry settle out and the water on

the surface of the impoundment flows to a decant pond in the norlheast comer of the im-

poundment. Heavier tailings (i.e. sand size) settle initially with finer lailings dropping out of

suspension within the impoundment and decant pond area" Three siphons installed in the decant

pond collect and direct the process water via HDPE Pipelines to a clarification canal, which flows

around the southeast comer of the impoundment. Primary clarification of this tailings water is

accomplished in the decant pond. The canal provides secondary clarification of the tailings water

and retums the tailings water to Purnp Station No. l. Here, the water is pumped from the canal

to a holding reservoir, where it is recycled to the plant and concentators for reuse in the process

water circuit.

1.1.2.4 Embankment Operations

The embankment of the existrng impoundment is raised on a continual basis using an upstream

constnrction method to accornmodate ongoing tailings deposition. This is accomplished by

excavating previously deposited tailings within the embankment and beach area" and placing the

material in an 8-foot htgh, 22-foot wide dike along the perimeter of the impoundment. This

operation takes place year-round, curtailed only by severe weather. As the perimeter of the

impoundment is raise4 the peripheral discharge system and the decant siphons are relocated to the

new embankment crest and any disturbed areas are regraded and revegetated.

1-5
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1.1.3 Plant History

Near the tum of the Twentieth Century, the Bingham Canyon Mine became the first zuccessful

low-grade, open-pit copper mins in the world. ffue mins, Nort]r Concentator, refinery, and

existing lailings imFoundment have been in operation since the early 1900s. The smelter and

Copperton Concentrator were established over fifty years ago as well.

In 1985, declining world copper prices and relatively high production costs forced the mine to shut

down. During this period, Kennecott initiated a modemization and capital improvements program

and reope,ned the mine in 1987. The long-term modemization progrem was undertaken to ensure

that fte Bingharn Canyon Mine would continue to produce copper while meeting demands of both

an increasingly competitive world copper market and cornprehensive new environme,ntal

regulations, while addressing Kennecott's responsibilities as a leading member of the Utah

economic communiw.

Kennecott's modernization studies determined that the existing imFoundment should be

dynamically upgraded to meet engineering standards (stability, etc.) and increase its operational

storage capacity. Modemization efforts implemented in fte late 1980s include:

. Improved dynamic stability of the existing impoundmen! to enhance its integrity and reduce

the risk of failure during a significant earthquake.

. Increased quantity of tailings discharged around theperimeter of the impoundment through the

peripheral tailings discharge system to improve the integrity of the impoundment and enhance

dust abatement.

. Upgraded decant pond and siphon decant system to aroid potential flood damage to the

embankment and adjacent areas.

I.2 PROJECT PTJRPOSE AI\[D NEED

As part of the modenrization progr.m initiated in 1987 at the Bingham Canyon Mne, 16" lailings

Modemization Project (the Project) has been proposed to tansition existing tailings stor€e

operations to a new impoundment area- The purpose of the facility modemization is three-fold:

t4
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1) to expand the existing tailings storage area and upgrade the existing embankment to enhance

its integrity during a significant earthquake,

2) to provide storage for 1.9 billion tons of tailings to be generated by the mining and

concentrating of proven and probable ore reserves within the Bingham Canyon Mine over the

next 25 to 30 years, and

3) to allow Kennecott to operate competitively in the world copper market.

Each project purpose is discussed below in more detail.

1.2.1 Exoand Tailinss Storase Area and Imorove the Embankment's Stability

Modemi"ing the existrng impoundment is required to allow for continued copper production.

Additionally, recent studies have pointed to the potential instability of the existing impoundment

under seismic (i.e., earttrquake) conditions.

Two factors-hi516ds impoundment constnrction methods and the decant pond-connibute to the

limitations of the existrng irnpoundment's operational capacity and seismic stability. Since the

mine began operation in 1903, the constnrction techniques used at the impoundment evolved q,.ithin

accepted industry standards for tailings impoundment consfruction and management. Since 1971,

the embankment has been raised using the upsteam constnrc{ion metho4 where tailings are

discharged from spigots along the crest of a perimeter dike to form a "beach" of coarse tailings.

This beach then forms the foundation for subsequent perimeter dike constnrction upstreatt't of, or

inside, the initial dike. Beach development continues and zuccessive dikes are constnrct€d as the

embankment is progressively raised. As the impoundment raises, the surface area is zubseqtrently

reduced and the rate of rise increases.

The coarse-grained tailings in the beach area drain effectively to serve as a stable platlorm for

embankment constuction. The finer-grained tailings are unsuitable for embankment constnrction

due to their relatively low strength, low permeability, and high water retention characteristics. The

peripheral discharge system has only been in operation since 1988. Prior to this time, lailings were

discharged from point discharges located along the southem reach of the impoundment. This

results in a thicker and denser embankment at the south end of the impoundment and the northem

L:7
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portions of the imFoundment constnrcted of finer grained materials. Currently, the north,

northwest and northeast comer embankme,nt slopes predominantly consist of a thin shell of

relatively coarse tailings that overlies fine, loose, saturated materials. Most of the embankment

and tailings within this area are fully saturated, which potentially could result in instability under

dynamic conditions.

Recent studies of the seismic nature of the Sdt Lake Valley indicate the increased possibility of

a significant earthquake (Woodrrard-Clyde 1994). If an earthquake were to occur, the highly

saturated" fine-grained tailings underlying the relatively thin embankment shell could liqui8',

potentially causlng impoundment failure. The potential for failure, compounded by other factors,

such as the rate at which the impoundment rises from tailings deposition (rate of rise), limits the

operational capacity of the impoundment for further tailings stor€e.

The second factor connibuting to the limitations of the existing impoundment's stability and

capacity is the location of the decant pond. As tailings were deposited on the impoundment

zurface, process water from the slurry flowed into low lying areas, forming a decant pond. Over

the mine's history, decant ponds have dweloped at various locations on the impoundment

Tailings water has historically been decanted at the northeast comer of the imFoundment. This

decant pond provides detention time for finer particles to settle, allowing for the primary

clarifrcation of the process water, prior to being decanted using & siphon system. The materials

settling within the decant pond area are fine-grained, loose, saturated tailings. The large quantity

of fine tailings in the northem reaches of the imFoundment and the thin shell of coarse-grained

tailings in the area increase the zusceptibility of this reach of the embankment to dym.amig loading,

and heightens the need to improve the stability of the impoundment.

1.2.2 Provide Storaqe for 1.9 billion Tons of Tailinqs

The Bingham Canyon Mine contains proven and probable ore reserves to support production at

current lwels for 25 to 30 years. Approximately 1.9 billion tons of tailings will be generated by

mining and concentrating of these reserves. Kennecott estimates that the existing impoundment

can accommodate about 15 to 20 percent (300 to 400 millisa tons) of the 1.9 billion tons of

1-8
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tailings during the tansitional period to the new storage facility. Therefore, additional lailings

storage must be developed if the Bingharn Canyon Mine is to continue to operate at current

production levels.

The purpose of the new impoundment is to provide additional storage necessary for the 1.9 billion

tons of tailings to be generated by the mining and concenfrating of currently known ore reserves.

The design would incrementally provide storage of tailings as the embankment was constnrcted

concurrent with tailing storage activities.

1.2.3 Allow Kennecott To Operate Comoetitively

Bingham Canyon Mine is a major global source of copper, with a current annual production of

more than 250,000 tons. Despite high production lwels, Kennecott was forced to cease operations

at the Bingham Canyon Mine from 1985 to 1987 due to high production costs and low copper

prices. To remain competitive in the price sensitive copper marke! copper producers worldwide

have been required to modemize and upgrade their facilities. Kennecott's ambitious modemization

progtam is directed at keeping the Bingham Canyon Mine and processing facilities' cost

competitive within the world market.

Fluctuations in copper prices are expected to continue as new world-class copper producers startup

or modemize their operations. Therefore, for Kennecott to continue cost competitive operations

at the Bingham Canyon Mine, each component of the modernization effort must be implemented

and operated in the most cost-effective manner.

1.3 NEED FOR THE EIWIRONMENTAL IMPACT STATEMENT

1.3.1 Need For The Environmental Impact Statement

The existing tailings imFoundment is located in an area characterized by the presence of aquatic

environments (i.e., potential jurisdictional wetlands and waters of the U.S.), primarily saline playas.

Any upgrade of the tailings impoundment would affect potential jurisdictional waters through

t-9
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placement of fill materials into those waters. The Clean Water Act (CWA) Section 404(bxl)
guidelines do not permit discharge of filI material into jurisdiction waters if a practicable

altemative exists that would less adversely affect an aquatic ecosystem, as long as the altemative

itself does not impose significant adverse environmental consequences. For non-water depende,nt

projects, the CWA assumes that practicable altematives exist that do not involve jurisdictional

waters or that have less adverse impact on the aquatic environmen! unless clearly demonstrated

otherwise. Altematives frat avoided or minimized the impact to jurisdictional wetlands and other

waters of the u.S. were included in the development of alternatives.

The Council on Environmental Quality (CEQ) National Environmental Policy Act of 1969 (NEPA)

regulations and the U.S. Army Corps of Engineers' (Corps) Environmental TmFact Statement @IS)
guidelines provide guidance regarding the test of reasonableness for altematives. The guidelines

indicate that reasonable altematives include those that are practical or feasible from a technical and

economic standpoin! and apply common sEtse rather than what may simFly be desirable from the

standpoint of the applicant. The guidelines also state there is no need to disregard the applicant's

purposes and needs and the common sense realities of a grven situation in the development of
altematives. The full range of location and design altematives should be evaluated in light of how

it meets the project's pu{pose.

Constnrction of an expanded tailings imFoundment (proposed project) will reErire a Department

of the Army permit purzuant to Section 404 of the Clean Water Act which requires authorization

to place fill material into the jurisdictional waters or wetlands of the U.S.. The Corps decision to

issue or deny the 404 permit is considered a major federal action, requiring compliance with

NEPA. Therefore, the Corps is acting as federal lead agency for NEPA compliance for this project

and has determined that an EIS is required prior to making a decision on iszuing the 404 permit.

This Draft Environmentfl Tmpact statement (DEIS) has bee,n prepared in accordmce with federal

guidelines, including NEPA, the CEQ's Regulations for Implementing the Procedural Provisions

of NEPA (40 CFR Parts 1500-1508), and the Corps procedures for imFlementing NEPA (33 CFR

Part 230).

1-10
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The purpose of this DEIS is to identifu the expected environme,ntal impacts of the Proposed Action

and to evaluate reasonable and practical altematives which meet the purpose and need for the

project as specified under NEPA. Information contained in this DEIS will serve as the analytical

basis for a decision regarding the issuance of a 404 permit.

This DEIS was made available to the public and agencies for review and comment on March,

1995.

Apub1ichearingwi1lbeheldbytheCorpson-,l995onthe404PermitApplication
and the DEIS during a 45 to 60-day comment period following announcement of DEIS availability

in the Federal Register and distibution of the DEIS to agencies and interested organizations and

individuals.

Written comments received by the close of the comment period 1995 and oral writte,n

cornments received at the March _,_..-__, 1995 pubhc hearing will be addressed in the Final

Environmental Tmpact Stateme,lrt (FEIS).

Following publication of a Notice of Availability in the Federal Registeq distibution of the FEIS,

and a 30-day waiting period" the Corps will issue a Record of Decision (ROD) announcing its

findings regarding the Proposed Action and summarizing its determination in complimce with

Section 404 (bxl), as well as other environmental regulations. The Corps regulatory program

under Section 404 of the CWA also involves a public interest rwiew. Following iszuance of the

ROD, the Corps will conduct the public interest review where the eryected project benefits are

evaluated and balanced against reasonable foreseeable detiments. This public interest rwiew is

the final step before a decision regarding issuance of the 404 permit is made. Corps policy is to

provide a timely and carefully weighed decision which reflects the public interest.

l-11
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t I 1.3.2 Applicable Permits And Authorization

l2
I 3 The environmental planning, consultation, and impact assessment processes have been integrated

I 
4 to comply with all applicable federal, state, and local regulations. Table l-l outlines the major

I 5 authorizing actions and permits required for the proposed tailings modemization project
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Table 1-1
Permits And Authorizing Actions For lhe

Tailings Modernization Project

I

Nane of Pernit Authorizing Agency

Federal
Envirounental Impact Statement

Section 404 Permit. Clean Water Act

U.S. Army Corps of Engineen and
U.S. Environnenlal Protection Ageocy

U.S. Army Corps of Engineers,
Sacramento District

sate of urah
Fugitive Dust Abatement Program Approval

Utah Pollution Discharge Fliminrtion System
(UPDES) Constnrction Permit

LIPDES Modification Permit

Ground Water Discharge Permit

Dam Safety Permit

Division of Oil, Gas and Mining Permit

Stream Channel Alteration Permit

Notice of Intent to Drain or Divert a Waterwav

Transportation Agreement(s)
Railroad Relocation Approval

Utah Departmenr of Environmental Quality
Division of Air Quality
Utah Air Conservation Commiuee

Utah Depafiment of Eryironmental auatty
Division of Water auality

Utah Department of Emvironmental aua[ty
Division of Water auafty

Utah Departmeni of Envirormental aualty
Division of Water auatty

Utah Department of Natural Resources

Division of water Rights

Utah Department of Nanrral Resources

Division of Oil, Gas, and Mining

Utah Departmenr of Natural Resources

Division of V/ater Rigbrs

Utatr Department of Nanrral Resources

Division of Mldlife Resources

Utah Departmenr of Transportation

Local
County Building Permits

County Conditional Use Permit

Cou*y Rezoning Approval

County Flood Conrrol Approval

Hazardous Material Storage (SARA Title III)
Review, Energency Response Plan

Salt Lake Couffy, Pnblic Wor*s Dept.,
Development Services Division

Salt Lake Coudy, hrblic Works Dept.,
Development Senrices Division

Salt Lake CouDly, hrblic Works Dept.,
Development Services Division

salt Lake Counry, Pnblic Worts Dept.,
Flood Control and Water auanry Division

Salt Lake Counly Fire Department

1-13
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CHAI'TER 2 - DESCRIPTION OF THE PROPOSED ACTION AND ALTERNATIVES

2.1 DESCRIPTION OF THE PROPOSED ACTION

Kennecott Utah Copper Corporation's (Kennecott) upgrade program for the Bingham Canyon Mine

includes the Tailings Modemization Project (Project) that would transition existing tailings storage

operations to a new impoundment north of Kennecott's existrng 6ilings stor€e imFoundment.

This would, 1) allow for continued stor4ge of tailings, 2) upgrade the stability of the existing

impoundment, and 3) allow Kennecott to continue operation of its associated facilities.

The Project would transition current tailings storage operations to the new impormdment in late

1998, subject to approval of Project permits. The new impoundme,nt area would accommodate

lailings generated over approximately 25 to 30 years of copper production.

2.1.1 Phases of Construction

I

1,4b,,'tto''' = 6tlt' frKl
r'.+l-{f2

The proposed Project would provide storage for approximately 1.9 billion tons of tailings. The

final storage capacity of the new impoundment would reach betwee,n l.5 and 1.6 billion tons of
tailings with 300 to 400 million tons of tailings to be stored on the existing imFoundment through

the engineering, design, permitting and transition of operations to the new facilities.

Thus the total volume sf lailings to be accommodated by the exist'.g and proposed impoundment

would be approximately 1.9 billion tons.

Transition from the existing impoundment to the proposed impoundment is scheduled to occur

between 1998 through 2004. Areas of the existing imFoundment will be taken out of service

sequentially, generally from west to east, to allow continued use of the decant pond unt'il the

tansition is complete. This will be done by building transition dikes to subdivide fte surface of

the existing impoundment into sequentially smaller areis. Underflow sands will be used to

construct the transition dikes. Underflow sands are produced by processing teilings through

cyclones that separate the coarse-grained sand, or underflow, from the fine-grained lailings fraction

2-l
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called overflow. Depending on the coarseness and moisture conte,nt of the cyclone underflow and

the ability of the tailings surface to support equipment, various methods of planting and dust

suppression tecbniques will be employed for the rwegetation of the existing impoundment surface.

2.1.2 Proiect Components

The Project includes the following major activities:

. modifuing the tailings distribution system, and installing new pipelines to transport the tailings

slurry,

. relocating power lines and other utilities, ditches, and railroad lines,

. preparing the foundation and placing a drainage blanket within the new imFoundment

embankment footrrint,

. constucting the starter dike, header dikes, toe ditch, and toe dike,

. constnrcting cyclone stations near the nerv impoundment,

. transitioning from the existing impoundment to the new impoundment and ranegetating the

existing impoundmenf

. constnrcting the new impoundment embankment, concurently with operational storage of

tailings within the new imfoundmen! and

. revegetation of the new impoundment area after it is filled to capacity.

2.1.3 Construction Sequence

After the removal or relocation of existing facilities, the foundation of the embankment would be

prepared by removing deleterious materials. A blanket drain comprised of crushed slag from the

Kennecott stockpile will be put into place on the foundation of what would be the base of the new

embankment. A starter dike and header dikes would be constnrcted using compacted cycloned

tailings underflow. Depositing tailings in the impoundment and constructing fte new embankment

using compacted tailings sand would begin almost simultaneously. A toe ditch would be

constnrcted around the perimeter of the impoundment to collect construction water and seepage.

2-2
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Kennecott would employ the centerline constnrction method using compacted cycloned tailings

sand to construct the struchral shell of the new embankment. lailings would be cycloned at two

locations. Underflow sands would be slunied for delivery to hydraulic deposition cells within the

shell of the embankment. There the material would be compacted as the shell raises. Process

water would be reclaimed from the deposition cells and rehrmed by way of pumps to the

impormdment decant area- The cyclone overflow and excess tailings would be sequentially

spigotted into the impoundment similsl to the curent operation.

The primary clarification system for the process water is the decant pond, which would be centrally

located and much larger than the current decant system" providing increased capacity and operating

flexibility. The process water system for the proposed imFoundment would include a new decant

system, embankment toe ditch and reclamation systern, sedimentation pond, process water pipelines

md pump stations, and water for dust contol and reclamation operations.

2.2 DESCRIPTION OF TIIE ALTERNATIVES

In 1987, Kennecott recognized the need to upgrade and modemize their operations to continue

profitable operations for the projected life of the Bingh6a Canyon Mine (refer to Chapter I -

Purpose and Need for Action). This included the need for storing additional tailings. Kennecott's

modemization studies identified that the existing tailings imFoundment would reach its operational

limits by 2004, and a stor€e area for 1.5 billion tons of tailings would be required to complete

the remaining 25-30 years of production of the Bingham Canyon Mine.

Between 1987 and 1994, altematives were identified and evaluated. These studies, described in

this section, identified and tested altemative mining technologies, ways to orpand the exisri.g

tailings impoundment on site, and possible off-site locations for tailings storage. Through this

nine-year process, altematives were formulated to meet the purpose of and need for the Project and

to reduce the potential impact on jurisdictional wetlands or other waters of the U.S.

Kennecott's Proposed Action and the altematives are listed below:

. Proposed Action (Initial Plan) - Full Expansion of the Existing Tailings TmFoundmen!
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. Erpanded Existing Tailings Altematives (North Expansion),

- Continue Raisrng the Existing Impoundment, Constnrct a Berm

- E4pand the Existing Impoundment (East)

- E><pand the Exisfing Impoundment (West)

- Reduced Expansion of the Existrng Impoundment with Raised Embankment

. Off-Site Altematives.

- Bamey's Canyon

- Coon Canyon

- Dry Fork/Carr Fork

- Tooele/Carr Fork

- Stockton

Combined Altemative of Reduced E>pansion of Existing Impoundment and Constnrct a new

Facility at Barney's Canyon, and

No Federal Action (no change from current operations).

The remainder of this section describes how the altematives were dweloped and includes

discussion of:

. previous studies by Kennecott, such as the proposed action (initial plan), on and off-site

altematives, and the Section 404(b)(l) practicability analysis (refer to the Clean Water Act and

implementing regulations),

. altematives screening process and results,

. altematives considered but eliminated,

. altematives evaluated in detail, and

. the preferred altemative.

2.3 ALTERNATIVES F'ORMUI,ATION

Although Kennecott's Proposed Action (i.e., the initial plan), described below, would be the most

practical from a logistics and technical standpoint, altematives were identified and evaluated in the

previous studies primarily because of the Corps concem for the amount ofjurisdictional wetlands
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and other waters of the U.S. that would be filled and the need to waluate all feasible altematives

that could lessen this impact.

2.3.1 Previous Studies

2.3.1.1 Proposed Action (Initial Ptan)

Kennecott's initial plan in 1988, termed the Proposed Action (refer to Figure 2-1), was to eryand

the existing tailings impoundment west to Highway 202,north to I-80, and east to7200 West; and

to relocate the utilities, railroad tracks and waterways around the north end of the eryansisn

imFoundment. This altemative could be dweloped at a reasonable cost provide an acceptable rate

of rettrm on the capital investuen! and be a seismically stable under design earthquake conditions.

The embankmernt for this facility was estimated to be 195 feet in height with an average rate of

rise of 7.5 feet year which Kennecott and standard engineering practice considered stable.

2.3.1.2 Off-Site Alternatives

The existing tailings impoundment is approximately 13 miles from the Bingh66 Canyon pit. Ore

is transported to the Copperton and North concentators for processing, resulting in the generation

of tailings (the noneconomic portion of the ore). These lailings are tansported and distibuted as

a slurry, by gravity flow, to the storage facility. Although hauling distances over 5 miles are

unusual in the mining industry Mck 1990), it was decided that altemate locations to store tailings

could be at least equidistant from the pit as the existing tailings impoundmen! and perhaps as far

away as twenty mils5 fre6 the Bingham Canyon Mine.

It is estimated that the capital cost to implement this altemative would be approximately $372.2

million and the sustaining capital cost is $72.0 millisl. The 25- to 30-year operating costs are

estimated at $290.2 million, or $15 per ton of stored tailings (Monison-Knudsen, 1993a).
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t I Subsequently, lands within a 2O-milg radius from the Copperton Concenfiator were examined for

I 
2 5iting a tailings facility (refer to Figure 2-2). Developed lands or lands used for mililsry operations

I 3 were considered unavailable. Four physiographic land types exist within this large area that were

I 
4 available for a facility of this dimension:

I J o mountain/canyon terrain underlain by bedroclq

I 
$ o alluvial fans and prehistoric lake terraces underlain by coarse alluvium,

|l 7 . valley bottoms underlain with fine-grained lake bed deposits, and

- $ o aquatic playa environments zuch as Great Salt Lake.

te
I 

l0 Wirhin these land t5pes, typical locations were identified (refer to Table 2-l) using maps and aerial

t l l photography, and waluated through field studies and engineering analysis for capacity, design

I 
12 characteristics, environmental factors, and economics. The studies determined that the Car Fork,

t 13 Dry Fork and Tooele sites would not have enough capacity individually to meet the required

f 
tO capacity of 1.9 billion tons; therefore, they would have to be combined with new tailings

I 15 imFoundments in other locations to meet the storage requirement. The studies also revealed that

I 
,U upland alluvial, lake tenace, and mountain canyon sites which could potentially rmpact drinking

I 17 water sources would require installation of an impervious liner membrane to prevent water from

- l8 the tailings impoundment from percolating into the ground water aquifer.

r 
Tabre 2-l

I Alternative Sites and Their Physiographic Location

Alternative Phvsiosraphic Location Conments

Bamey's Canyon Lake terrace and alhnrial fan Site originates at the u14rr end of the
lake terrace and is underlainwith
allwial deposits from the Oquirrhs

Dry Fork Mouoain/Canyon Site is enrirely contained in the
Oquirrh Mountains

Carr Fork Alluvial fan Site is backed up against the Oquirrh
Mountains and PiDe Caayon but is
underlain with alluvial deposits.

Coon Canyon Mountain/Canvon Site is entirely contained in the
Oquirrh Mountains

North Expansion Valley Bottom Site is an extension of the existing
impoundment

Tooele Valley Bottom Sitp is sioated on the valley floor at
the head of the Tooele Vallev

Stoclc.on Alluvial fan Site is underlainwith altuvial
sediments that originate from the
Oquirrh Mountains

Source: SWCA Memorandum to KeDnecott dated October 10. 1994

2-7

t
I
I
t
T

I
t
II



I
I
I
I
t
I
T

t
T

I
I
I
I
T

I
I
t
t
I

(EY:

I orr-sne A[emotlve Slfes

I tnntot Plon Exponslon Areo

flLond Unovoiloblc for Toilings Storogc

rcBTH

o
otaa
G- r,ts

.bd-r? lttt

OFF-SITE
ALTER}IATIVES

TAITINGS TODERNEATION PROJECf,

ENVIRO}TIENTAL IIIPACT Sf,Arl.El|T

KENNECOM TNATI COPPER

CORPORANON

Flsure 2-2



t
I
I
T

t
I
I
I
t
t
t
t
t
I
t
I
I
I
I

1

2

3

4

5

6

7

8

9

10

l1

t2

13

t4

l5

l6

t7

18

19

20

2l

22

23

24

25

26

27

28

29

30

A primary advantage of the "off-site" altematives would be to avoid filling jurisdictional wetlands

and other waters of the U.S. which occur norttr of the existng tailings impoundment. while
examining locations for off-site storage, it was determined that the dwelopment of an off-site

Iocation only would not meet the Project purpose 6f 56!ili.ing the existing tailings impoundment.

On-site stabilization is required by the State of Utah to prevent potential failure of the existing

impoundment. These measures would be reErired as part of any oflsite alternative development

to prevent potential inadvertent fi[ing of the adjace,nt jurisdictional waters. The costs and materials

associated with the on-site stabilization would add to the costs of the off-site altematives estrmates;

however, the improved stability of the existing imPoundment would allow it to be filled to a higher

lwel. The stabili.ing measures would fill approximatery 296 acres ofjurisdictional waters on_site.

Off-site altematives, that combine seismic upgrade at the existt.g facility and dwelopment of an

off-site tailings facility, would require extensive logistic development to include new pipelines,

access roads, overflow basins, and in some cases, tunneling and pumping systems and overflow

detention basins away from the existing impoundment (refer to Section 2.4.2 for more detail).

23.1.3 Alternatives Expanding the Existing Tailings Impoundment

The altematives to e><pand the existing tailings impoundment on-site (Norrh Eryansion

altematives), while minimizing filling and imFacts to jurisdictional wetlands and other waters of
the U.S., were fully explored by Kennecott between 7997-1993. Four possible altematives

resulted:

. Raise the Existr"g Impoundment and Constnrct a Berm,

. Expand Existing Tmfoundment (North Expansion East),

. E>4pand Existing TmFoundment (North E>rpansion West), and

. Reduced Expansion of Existing Impoundment

Each was examined in the Alternatives Analysis for the Tailings Modernizafion Project (SWC,!

7994a), and are further waluated in Section 2.4.1.
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For these altematives, operations would take place on or adjacent to the existing impoundment

thereby eliminating logistical and many technical constaints of the off-site altematives. The

improvements to the impoundment would be engineered to maximize the capacity, while upgrading

its seismic stability. Each of these on-site altematives would have a different magnihrde of effects

on jurisdictional wetlands and other waters of the U.S.

Of the four on-site altematives e:rplored, the North E><pansion East would have the greatest impact

on wetlands, while constnrcting the Reduced North Expansion would fill the least amotmt of

wetlands. The Reduced North Expansion altemative would cause the highest static pressures which

could cause the impoundment to fail (refer to the screening process in Section 2.3.2 below for a

comparison of the engineering and jurisdictisaal imFacts for each of these on-site alternatives).

2.3.1.4 Section 404 (bxl) Evaluation

In 1994, Kennecot prepared a Section 404 OXI) Evaluation (purzuant to the Clean Water Act)

based on the Corps' desire to avoid fiUing jurisdictional wetlands or other waters of the U.S. The

report, Alternatives Analysis for the Tailings Modernization Project, contained the practicability

analysis required by the EPA for non-water dependent projects proposed in aquatic environments

(refer to SWCA 1994a\.

The report identified two practicable altematives, from the ten altematives originaly considered:

North E4ansion East and North Expansion West. These alternatives reduced the amount of filling

of jurisdictional wetlands and other waters of the U.S., and were technically and logisticatly

feasible. Kennecott prepared a Section 404 Permit Application for the Project and zubmitted it to

the Corps. A firrfter description of how these altematives were waluated is found later in this

section. T\e 404 Permit would be necessary to perrrit fill within jurisdictional wetlands and other

waters of the U.S.
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2.3.2 Alternatives Screenins

Prior to final approval of the 404 Permit, the Corps requested that Kennecott prepare a DEIS to

support the Corps' decision. The 404 Permit would be necessary to permit fill qpithin jurisdictional

wetlands and other waters of the U.S. The Notice of Intent to Prepare aDEIS was published by

the Corps in August 1994. The Council on Environmental Quality (CEQ) requires that impacts

of all reasonable and feasible altematives be examined within a DEIS. During the preparation of

this DEIS, the fullrange of possible altematives were again evaluated to determine their feasibility,

according to NEPA.

The screening exercise was designed to test each altemative and determine if they were practical

or feasible according to the CEQ guidelines to implementing NEPA.

The altematives screening process used technical, logistical, and economic criteria and considered

environmental and jurisdictional (i.e., wetlands and other waters of the U.S.) factors to determine

which altematives would be considered reasonable or feasible, according to NEPA.

2.3.2.1 Analytical Screening Criteria

Marimum thresholds and operating nonns for the logistical and technical criteria were established

where possible and used to help evaluate the feasibility of constnrcting and operating the various

altematives. Environmental and regulatory factors were also considered during the screening

process. The primary criteria were:

. Technical - based on currently-used engineering practices and best available tecbnology for

constnrcting and operating a tailings impoundmen! and permitting feasibility

. Logistical - based on currently-used engineering practices and best available technolory,

thresholds for storing tailings, and operating nonns for constnrcting and operating a tailings

impoundment, and

. Bgelemic - comparative capital costs considerations and long-term competitive viability
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The technical criteria included:

. The storage capacity of 1.9 billion tons of tailings is anticipated to accommodate the mining

of currently-known and economical mineral reserves for the next 25 to 30 years. The exisri.g

impoundment without berm construction or embankment expansion, could accommodate

approximately 300 to 400 million additional tons. Therefore, 1.5 to 1.6 billion tons of tailings

must be accommodated by the proposed e4pansion or new tailings imFoundment.

. Upgrade of the existing impoundment embankment is needed to accommodate dpamic

stability consideration in case of a seismic went (i.e., earftquake). Significant factors in ftis

upgrade would include properly locating and designing reinforcing berms or embankment, and

the availability of suitable constnrction materials.

. The rate of rise is the height increase of the impoundment as tailings are deposited. Factors

determining acceptable rate of rise include the time it takes 161 lailings to settle and form a

suitable foundation before more tailings can be adde4 the time required for the dissipation of

pore water pressures before more tailings can be adde4 and the rate at which pore water

dissipation occurs, the amount sf lailings arailable for processing to acceptable constnrction

materials, the amount of water required to dilute tailings for processing and slurry, the method

of tailings deposition, the type of embankment constnrction, the acceptable gradation of the

leilings, and the impoundment surface area-

. The embankment design criteria include themorimum impormdment heights and embankment

section required" the various altematives and how site and foundation conditions would vary.

The acceptable design criteria is based on:

. location,

. site conditions,

. foundation characteristics,

. pote,ntial for seismic activity,

. site specific seismic hazard criteri4

. rate of rise,

2-t2
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. constnrction methodology,

. geotechnical and geohydrologic considerations,

. allowable slope geometry,

. slope geometry, and

. availability of zuitable constnrction materials.

. Permitting feasibility is determined by the iszues for each resowce and consulting

wift the local, state, and federal regulators regarding conditions that would need to be met

before iszuance of permits. If an effect of the proposal would create long-term adverse effect

that could not be mitigate4 permitting would be considered highly unlikely or infeasible.

The logistical criteria included:

. The materials required for the embankment must be available for constnrction and dpamic

upgrade of the existing impoundment. Either sufficient on-site borrow maGrial and/or adequate

cycloned lailings (i.e., coarser grained materials) must be available to simultaneously complete

the dpamic upgrade of the existtng embankment and constnrct the new embankment over the

life of the Project. Each ton of stnrctural cycloned tailings produced for embankment

constnrction generates approximately two tons of fine tailings that must be stored. If the

altemative site requires extensive embankment constmction, more fine tailings would be

produced than there would be embankment constnrcted to contain them- This results in a

shorfall of constnrction materials, effectively halting the tailings distibution and storage

processes (Vick 1990).

. Reliability refers to the level of difficulty of maintaining facility operations. Appropriate

facility design minimizes maintenance, down-time, and disruptions in lailings delivery or

embankment constnrction. The following somFonents are related to logistic reliability:

Pumoine - Usrng gravity flow to transport tailings to the impoudment is highly preferable to

pumping tailings. Pumping tailings to a higher elevation requires system additions zuch as

booster stations and overflow retention basins which add to the potential impact of the new
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facility, as well as significantly increase construction and maintenance cost with somewhat

reduced reliability. Research of mines currently operating worlduride rweal that gravity flow

systems are ut'rlized more than pumping systems. One of the few operating pumping tailings

delivery systems is pumped 164 feet in elevation (PSI, 1994). Gravity systems are much

preferred because they require minimal maintenance, have lower failure rate and axe

significantly more reliable. A tailings delivery system failure would cause mining and ore

processing operations to stop for the dwation of the upset during the life of the storage project

Mck 1990). The high pressures and velocities in combination with the erosive nature of

tailings slurries in a pumped system incur high maintenanse and operation costs, and tailings

slurry systems can be ineparably clogged wift tailings solids. For planning purposes, pumping

heads of 1,000 feet or more were considered impracticable due to the increased risk of failure

and higher level of maintenance.

Leneth of Deliverv - The shorter the distance 16a1 lailings are tansported, the better. Longer

delivery systems greatly increase the exposure to potential system breakdown with associate

loss of reliability and increased environmental risk. Should the delivery system break down,

a backup system must be in place, involving major logistical planning and installation of a

costly redundant system-

Liners - Under certain soil and aquifer conditions, clay and/or geomembrane liners would be

required to prevent infilnation of tailings seepage into the ground water. Under ideal

conditions, natually occurring clay liner material existing beneath a site can fimctionally serve

as a "liner." Tnstallation of liners imposes a certain degree of unreliability and inherently high

costs when installed over unstable foundation material. Their effectivenes5 diminishes in

proportion to the size of the area covered. Unstable soil conditions could result in differe,rrtial

settlement, increasi.g the chance of liner failure. Aside from the technical limitations and high

cost the logistical difficulties in installing an effective liner in a single phase over a 2,500- to

5,000-acre area would render a liner altemative imFracticable.

The economic criterion included the evaluation of costs for the upgrading, constnrcting, and

operating atailings impoundment facility. In 1994, Kennecott's operating costs fortailings storage
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were about 14 to 18 cents per ton of tailings. Factors that influe,nce operating costs include: tJpe

of tailings delivery system (prrmping vs. gravity flow), length of delivery, maintenance, number

sf imFsundments operating concurrently, length and type ofwater recovery system, length and rate

of rise of embankment.

For planning purposes, the capital and zustaining capitd cost were not used to distinguish one

alternative from another. Long-term operating costs that were greater than 100% more than the

"No Federal Action" alternative were considered infeasible due to the long-term duration of this

cost.

2.3.2.2 Alternatives Screening Worlishop

In October 1994, aworkshop was held with key representatives from the Project team and other

technical consultants for the Project. The purpose of the workshop was to rewaluate all of the

alternatives that had been prwiously studied, to eliminate those that were unreasonable or

unfeasible, and to identi$ those altematives to be waluated firther. Lands within a 20-mile radius

of the Copperton Concentator were 4gain examined for potential tailings imFoundment sites. They

were researched, screening criteria were established, and each alternative was tested against the

screening criteria (please refer to Table 2-2\.

In general, the off-site altematives had logistical and technical characteristics that would be

unacceptable although, the amount ofjurisdictional wetlands and other waters of the U.S. affected

was in some cases greatly reduced. The north e4ransion altematives (on-srte) had varying imFacts

on jurisdictional wetlands and other waters of the U.S. and significantly fewer technical or

logistical problems than the off-site altematives (also refer to Table 2-2).

Through the screening process, the concept for a new alternative emerged that combined desirable

features of both the on-site and off-site altematives. A combination altemative consisting of a

Reduced Expansion (on-site) and Bamey's Canyon (off-site) would store the majority ef lailings
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Table 2-2
Evaluation of Alternatives

i,i r* ffir
:r:',NoFtrH EXPANEION ALTERNAWE$,;I ti:

.,iri,riffiffirfiifi
iiiir;99lIB.WEiaAfq!$i:jiiiii
,iHXHll}rc,;IrF9UNDr{Eyr;]

:l 
j,rirlCONsTnUC+.aEfi [r i::,i;. :

TECHNICAL

Slorage capacity
(1.9 billion lons requited)

).33 bllllon lons In exlsthg
mpoundmenl only
Dt acceptablg

)3-0.4 bllllon lons In €xlstng
mpoundment only; 1.5 bllllon tons In
txpanslon

1,9 bllllon tons
1.3-0.4 bllllon tons In €xlslino
mpoundmenl;
.5 bllllon tons In exDanslon

).4 D[[On tOnS In OXrSlng
mpoundmenti 0.4 lo 0.5 bllllon tons
n €lovaled area and l.l bllllon lons

1.4 bllllon tons h exlstno
mpoundm€nl; 1.5 bllllon lons In
rxpangon

Seismic upgrade of existing

-'mbankmenl

D selsmlc upgrade ol NE and NW
eaches ol lhe lmoundmnt

tewalerlno alonO east sldo, the SE
)ornea and Nw reach ol |le
mpoundtr€nl

rew slepback dlk€s requlr€d;
t€waterlng ecUvltlss rculd contlnuo

lowaterlng along easl sldo, lhe SE
orner. and NW reach ot lhe
npoundmenl

ilslhally unslabl6 aDove 25o n., a
Drtlon ol th€ new lmDoundmenl
Yould bg oveflaln on lh6 oxlstng

rorltr expanslon b€rm; d€walerlng:
)r6es water syslem modlncatlons

Rate of dse
nusl b6 less than capadty ol
oundallon lo 86€pt loadlng rcceplabls ral€ ol rl$

rcreased rale ol dse lor sloraga ot
;amo annual voluma lo 12 leet Dot average ot 7 to I leel per yesf sverage ot 13.5 le€t per year avera0g ol 7 to I le€t/y6ar

tmDanKmenl uostgn Factors
--Footprinl (acres)
..Seismic Zone Raling
--Dam Height Required
..Fnr rnrlalinn Sr ritahilitu

lmpoundm€nl
dam helght
'195 foot .

dtmtn|sned sunaco ar6a ol
lmpoundmont duo to sloplno sldes; rpprox. 3,847.4cr€ lootprlnl; dam

relght approx. 240 to 350-fool; spprox. 4,018-ac.e loolprlnt; 250
'mt dam helght

rxlstng embanlmenulmpoundment ,196 acres lor hg bsrm; pprox. 250 l€ot hlgh by 1,125 leel
vlde

rs than 200 feet 450 lest helght would bo requlr€d lor bove 250 leet

uonslruclton Mal€nals
--Haul dislanc€

.-Conslruction melhod

l3 mlles 13 mlles l3 mlles 3 mlles l3 mlles 3 mlles

tone )rcloned talllngs
;lruclural borm consfrctod ol
ryclonsd talllngs to h€lght of 450 leel
rnd approxlmat€ly I,200 feet wlde

rycloned lallln0s ;yclon€d talllngs rycloned talllogs

LOGISTtC

'laterials 
Available lor

:mbankment

l bdam botwoen materlal r€quksd
or embankmonl onstretlon and
naterlal lhat muld r€qulro storegs

I balamo b€two€n materlal reaulred
or ombankment conslasllon and
nalorlal lhal would rsqulro storego

l bdarc belween malerlal roqulr6d
or embankm8nt conslrrcllon and
natorlal lhat would requl.a slorags

I balanc€ b€tween malerlsl requked
or embankment snstrwtlon and
nslorlal lhat would requk€ storage

r balame belween materlal requlred
or embankmenl mnslrrcllon and
naterlal that would requho slorag€

r balarc€ betwe€n mat€rlal requk€d
or ombanknent conslrstlon and
nalerlal that would requks storag€

leliabilily
.Pumping or gravity flow
-Longth ot Delivery
-Linsrs

,nly acceplablE for nen 5 lo 6 yea,s;
travlly llow; exlstlng dsllv€ry; natura
iey lln0r

trevltv llow: exlsUno d€|tuery: natura [avlv llow: 6xlstln0 dsllvery: nalurs lravlv llow; exlstln0 dellvery; natura Iravlty llow; exlstlnO d€llvery; nalura
ravry ilow; €xElng
)lay llner

fay llnsl rlay llner lay llnel Iay llner

ECONOilIC

)apital Costs ( millions, 1992) $38.0 sr4l.5 s525.5 $6r0.5 $653.2 $53r.9

iuslaining Capital (millions) t19.1 $sr.5 s22.3 $42.3 $39.8 s4 t.0

foeralino Costs (millionsl $93.8 $401.4 $1542.0 s451.2 sst2.0 $i171.0

)perating Cosls ($ on)
current $.14 - $.18nonl

10.28 - approxlmatet 55% hlghol
han curronl operallng cosls

i0.21 . approxlmetoly 50% hlgh€r
han current oporallng cosls

i0.84 - app(oxlmalely 450% hloh€r
han currenl operallno costs

i0.24 - approrlmately 30% hlgher
han curent operatlng costs

$0.27 - approx|malsly ils'i hlghel
than curent operallng costs

;0.25. approxlmat€ly 34% hlghel
han currgnt oporatlno costs
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Table 2-2 (cont.)
Evaluation of Alternatives

-and Own6r and Land
JseZoning

(ennsoll (ennsolt (ennsott: hclllllss and ullltles
vould bo relocaled

<ennmtl property wlthln Salt Laks (ennsotl; tacllltlos and ulllltles
vould be relo€led

(enneott: lacllllles and utilllles
vould be relocated

)€ relcaled 1.6 mllss addltlonal

Jurisdiclional Wetlands or
f,ther Waters of the U.S. lo be

=illed

tong none 108 acres waters ol lh€ U.S, lpprox. 2,004 acros 150 acres 1055 acres

iur{ace Water lo cnsnga efoute C-7 dllch eroule c-7 dllch eroute C-7 dltch eroute C-7 dltch erouts C.7 ditch

:lood Slorage and Control !o changg llsruptlon ol surlace dralnage llsrupllon ol surlaco drahage ,lsrupllon ol surlacg dralnage llsrupllon of surlace dralnsgo llsrupfon ol surtac€ dralnag€

3round Water recharge and
,ischarge

troundwaler dlscha.oe area slle
,nd€rlaln wllh Bonnovlll€ Clay

lroundwsl€r dlschargs area slle
rnderlaln wlth Bonnevllls Clay

Iroundw8ler dl$hargo area slte
Ind€daln wllh Eonnovlllo Clay

lroundwator dlscha106 afea slte
rnderlsln wlf| Bonnovlllo Clay

lroundwat€r dlscharoe area slto
Indorlaln wlth Bonnovlll€ Clay

lroundwaler dlschargo area slle
Inderlaln with BonnevlllB Clay

{azardous Materials or Wasle
qreas ro cnan0e

ormer slt ponds, phosphogypsum
tant

ro chango
ormer slt ponds, phosphooypsum
tanl

ormer salt ponds, phosphogypsum
)lanl

ormer sll ponds, phosphogypsum
rlant

f&E SDecies and Wildlif€
{abitat

o chan0o

{o resldenl threatened or
)ndangered specles; snowy plover

us been slghled In th6 area;

,lo resldenl lhreatsned or
lndang€aed spsl€s; snowy plovet

ras b€sn slghted In lhe area;

{o resldenl thr€atened or
)ndangored speles; snowy plover

las b€6n slghted In tho ar€a;

,lo resldent threatened or
)ndangered specles; snowy plover
ras been slghted ln the area;

,lo resldent threslened or
lndangered sp*les; snowy plover
ras be6n slght€d In the area;

)y Pereorlna Fslcon and Eald Eagle )y P€regrlne Falcon end Bsld Eagle )y Por60rlne Falcon and Bald Eaolo )y Poreoilno Falcon and Bald €aqlg ry Porooine Falcon and Bald Eaglo
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Table 2-2 (cont.)
Evaluation of Alternatives

.i..,i;1,.,i i,Q9ilB.tNArPil'l

,*iffi f#lfi
TECHNICAL

Slorage capacity
:1.9 billion lons required)

).,1 bllllon lons In oxlstng
mpoundmenl; t.6 bllllon tons
rt Barnefs

).4 bllllon tons In exls[ng
mpoundmgnl; 1.6 bllllon tons
it Coon Canyon

,.+ ofltron lonS In gxtsung

mpoundment; 0.7 bllllon tons
rt Dry Fork, ll po$lblo; 0.8

0.4 bllllon lons In oxlstlng
lmDoundmentl 1.2 bllllon tons al
Tooel€:0.8 bllllon tons 8t Car. FoIk

).4 bllllon tons In €xlstlng
mpoundmenl; 1 .5 bllllon tons et
)lmkton

1.4 bllllon lons h exlstlng
npoundmont; 1.22 bllllon tons In
ledrcod Expanslon; 0.39 bllllon tons

3eismic upgrad€ ot existing
?mbankmgnt

nsulflclenl lalllngs to uPgraog
hs exlsln0 lmpoundment
vhllo devslopln0 lh€ new ofl.

nsulllclsnl lalllngs lo upgrade
he sxlsfnO lmpoundmenl
f,hlls developlno th€ n6w ofl-

nsutlhlenl talllnos to upgrade
ha €xlstng lmpoundmenl
f,hllo dovsloplno the new otl.

nsulllclent lallhgs to upgrade lho
rxlstho lmpoundment whlle
,eveloplng hs now otl-slte

nsuns€rtr Eiltrrgr rs uPgruus
,xlstlng lmpoundment whllo
levoloplnO he naw olt.slto

alllngs lof ofi-slle lcallon would nol
E requlred for 18 years; thoreloro,
iumclenl materlals ars avallabls

lato of dse
nltlal rato olrl$ wouldbg
rory lasl requklng laroo slarter lccepleblo rale ol rl$ l€eolable ralo ol rlss r@eDlablo .ate ol rls€ rccoplablg rste ol rlg unae€Dtable rals ol rlse: 18.5 leel

)er year

Embankment Design Faclors
--Foolprinl (acres)
--Seismic Zons Rating
--Dam Hsighl Required

1,800 acres
lo major laulls
i30 lool holoht
,lllerentlal settemgnl

3,100 acres
no malor laulls
1,200l@l helghl
dllf erenllal s€ttemenl

t,300 ac Ory Fork; 2,000 ac
Ca( Forh mslorlaullalCarr
Forki 600 lml helght at Dry
FoIkt 450 lmt helght at Carr
Fork:

2,360 ac Tooele; 1,000 ac Catr Fork;
malor lault at Car Fotk;400 foot
h€lght at Catr Fork; 430 loot helghl a
Tooolo:
dltlerenllal setterent

1,,100 acres
ro mejor leults
140 lool helghl alono hlghway
Inknown loundatlon

1450 ac al N. Expanslon and 2380
rc at Barney's Canyon; no mlor
aults; 245 tt. dam heloht at Norlh
:xpanslon and 160 tt. dam heloht 8l
iarneys

ionslrudlon Malonars
-Haul distance

-Conslruction melhod

lpproxlmately l0 mlles Dproxlmately l0 mlles rpproxlmalely 20 mllos rpproxlmatety 20 mlles pproxlmalely 30 mlles rpproxhately l0 mlles

rasle rak slarter dlkB 230
egl

)ycloned lalllngs rycloned talllngs :!€lonod lallln0s )ycloned lalllngs rycloned lalllngs

LOGtSflC

i,laterials Available lor
:mbankment

trlg avalaDle laillngs a.o I lho avallablo lalllngs aro
6ed lor ths selsmlc umradg.

I th6 avallabla tailln03 are
rsed lor lhg selsmlc uDorad6.

the avallablg talllnos aro used for I trro avallabl€ lalllngs are used for the avsllable talllnos ara used for

hen Insulflchnl melorlsls lor h€n lnsufllclonl matorlels lor hen lnsufficl€nt m8t€rlals for
nsterlsls lor ho ombankm€nl natorltls for lhe €mbankmnt naterlals lor ths embankment

R€liability
.-Pumping or gravity flow
'.Length of Delivery
.-Linsrs

travlty lrom Copp€rton;
)umoad lrom North; ls lhan
mll6 hom Coppodon; HDP€

60mll) llner r€quked

,ump6d l,0oo leet n6ao lrom
)opperton; 1,200 lsel head
rom Noih; two 7.5 ml
)lo€llns; doubl6

teommbrans and clay llner

,umped 1,600 lset head to Dr)
rork; 4.5 mll6 plpellne:
mperylous llner requked

rumoed 280 l86t head another
purce sald 1,600 feet head wlth at

Irado iumo to T@ele; dellv€ry
rcros new Irestle brldgo ovel
rlghmy; lmpeMous llner requked

)umDed 645 te€t head wllh 4.7 mlle
unnel: 33.5 mlles |rom Norlh; 2t
rlles lrom Copperion; lmp€Mous
lner .6quk€d

lravlty llow lrom Copperlon

ECONOMTC

lapital Costs ( millions, 1992) $102t.9 1767.6 $947.9 5t046.0 sr2r 0.9 $602.1

Sustaining Capilal (millions) $22.3 $22.3 $26.8 $22.3 $22.3 s55.8

lDeratino Costs (millions) $682.5 s620.8 s706.4 s732.4 $738,3 $447.7

)p€raling Costs ($/ton)
'current $.14 - $.1Monl

$0.349 spDroSmaery u9%
hlghor than current opstsUng

ilu.lzr approxmarary r,'/.
hlohar than currenl opeteung

lu.Jrz lpproxtrnurcry rwft
hloher than curont operallng $0.385 approxlmalely 108% hlgher

lhan cunenl oper8tlng cosl
S0.389 approxlmstely l l0% hlgher

lhan curent operatlng cosl
$0.24 - ap.oxhalely 7l% low€r lhal

curr€nl operathg cosl
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Table 2-2 (cont.)
Evalutaion of Alternatives

ffi H}*")dck#t ':**aS#';*4i.4 S's.firK I t#{s0l{QlillltQi{}-*:$:

ts*irSS.r'.Ei ffi3 lttr" ffi ffi{FbWffi
-and Owner and Land
JseZoning

(onnsoll; agrlcultural land (onn6colt Gnngcott
Vrry at Tml€; Konnsott al Carl
rork; t6sth crosslng ovsr stalo
ilghway

lLM land usad for Crarlng and
rlldllla consoilauon

,Ltl land usad tor grazlng and
vlldlllo cons€ryatlon

,udsdiclional Wstlands or
)lher Walers of th€ U,S. lo b€
:ill€d

ll38cr$lotal.. 17ac.a
vaters ol lh6 U.S. al Barn6y;

llSacros lotal.- t78cr6s
vatrrs ot ths U.S. al Cmn
)anymi 293 acres wollsnds

ruu act6s ouF. lz &r6s
vata]t ol tho U.S. at Dry
:orucarr Fofti 206 acr€s
votlands and wat€rs at

'et.{^- 
lB^^,r.l;^^r

ll I acrss total- I ers wator8 ol
ho U S. al Tmle/Car FodG 296
rc,6s w6tl8nd3 and watgrg tt
xlsung lmpoundmnt

lo8 acros lotal.- 12adesweusnds
md wators ol lho U.S. el Slcklon;
108 acra ugtands and waiers at
,xlsung lmfEundmnl

108 acrss total.- 12 adswoltands
Ind ml€fs of th6 U.S. at Slockton:

rt €xlsllno lmpoundmnt nd walers at orlsllng 196 acros retlands md w6t6r8 at
xls[ng lmpoundrtsnl

iurfac€ Waler no malor str€am cros9lng! m malor slraam crosslngs ilsuplon or flow rom Dry
i(aok tlsruplon ol llow lrom Plm Cr€ek no malor stream crosslngs no m4or gtraam crosglngs

Flood Slorage and Conlrol
lsupum ol Sunaco dra|nsco
rdos la 6dei

[8rup$on ol Surlaca mlat
lrtlntda

llsruptlon of surlaco watct
llsrupuon 0l surtoco walcr dralnago llsrupum ot surfaco wal6r drelnsoe tlsuptlon ot sufaco wsler drahago

Ground Walsr rschargo and
nuErP.r r.Fr DUPP'y.el
Vest V8ll6y rechsge ar€a; ,nXnom }otentlal groundwatgr tehargl nunlclpal water $pply lor Wsi

Jischargs dopr| [ea
lspth to wator tabls

{azardous Mal€rials or Wasl€
{r€as

m8 Fns )arl wasle .6k dumps al Dry
ror*

riusr ctrxrus trr vu!t; rstrr PrD;
nllltary durp sllas; mlno mlfi slt6;
nlsellr^ffi F wrelA dr rm^.

ron0 orm6r salt ponds

f&E Spociss and Wldlilo
{abilal

lo T&E; rlperlen In dralnagss

ro T&E; 137acr83 rlpa&n In
ralnagoli 5 ac|es slk calvhg
found; blrd bro€dlnCn$tng
|'oas

p T&E; rlpailm In drahag$; desl
md €lk habltal

rc T&E:4,000 acres blg sago
ubllal olk and m0lo d€o] wlnt3t
ango; toraglno habllet tor rrptors

p TaE;4,000 scros bl0 saCo
Eblteli slk and mjls ds6r wlntsr
6nga; loreglng hsbltet lo. raptors
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on-site within a "reduced" footpring thereby filling fewer acres of jurisdictional lands, and would

store the remaining tailings in a smaller "off-site" facility with more acceptable engineering design

features than fullsize off-site altematives (please refer to Section 2.4.2.1for more information on

this altemative).

2.4 ALTERNATIVES CONSIDERED BUT ELIMINATED

Several alternatives were eliminated because they require feahres that were beyond technological

and logistical capabilities available or they did not meet the purpose or need for the Project.

Capital and operating costs were compared among the altematives. Refer to Table 2-2 for the

evaluation of each of the operational altematives.

2.4.1 North Exnansion Alternatives

2.4.1.1 Proposed Action (Initiat Ptan)

The Proposed Action (Initial Plan) was eliminated because it would impact the greatest aneage

ofjurisdictional wetlands and other waters of the U.S., and additionally it would cover lands qlithin

the City of Salt Lake. The Proposed Action, however, would potentially fill 1468 acres of

wetlands orotherwaters of theU.S. underfte jurisdiction of theU.S. Army Corps of Engineers

(Corps). The Corps identified the need to identifu and evaluate altematives to the Proposed

Action. In addition, Kennecott was in favor of evaluating altematives to the Proposed Action at

this time because of the uncertainty of being able to acquire and utilize the old phosphogSpsum

site (then owned by Chwron) for a part of the facility on the west side, and the rezoning of land

within Sdt Lake City limits to an industial zoning classification, near the east end of the Proposed

Action.

The City has indicated their unwillingness to rezone the entire area to Manufactruing Industrial,

when their comprehensive plan for the area indicates residential uses. This altemative would fill
1,468 acres of jurisdictional wetlands and waters of the U.S., and the other north opansion

altematives would fill fewer acres of jurisdictional land.
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2.4.1.2 Continue Raising Existing Tailings Impoundment, Construct Berm

This on-site altemative is considered infeasible. In this altemative, the existing impoundment

would continue current operations and a seismic upgrade berm would be constnrcted around the

perimeter of the eas! north and west reaches of the impoundment (refer to Figure 2-3). An

extensive benn is required under this altemative because the final embankment height would be

approximately 450 fee! nearly twice the anticipated 250-foot final height of the exist'ng

embankment. The rate of rise would be unacceptable at 18.5 feet Per year.

Dewatering a 450-foot high embankment would not be technically practical or economically

feasible. In addition, capacity would significantly decline over time because the footprint of the

impoundment would slope inward as the embankment and the impoundment is raised. Finally, a

seismically stable berm could not be dweloped along the southwestem portion of the impormdment

because of this area's low phreatic levels and natural sloping of the topography toward the Oryirrh

Mountains.

Approximately 408 acres of jurisdictional wetlands and waters of the U.S. would be affected by

the new berm. The berm footprint would occupy approximately 1,196 acres of land.

The stnrcflual berm would be constnrcted of cycloned tailings sands (underflow) which would be

hydraulically placed and compacted. Underflow sands may be available from up to 30 perce,lrt of

the total lailings stream. The stnrctural berrr would be constructed to the full heigbt of the

impormdment and be approximately 1200 feet wide at the base. Insufficient quantities of rycloned

tailings sands could be produced, thus reqtriring the need for extemal berms to constnrct the

altemative. Constnrction would require relocating major facilities, las[uding the two Union Pacific

Railroad lines to the north, State Highway 201at the southeast comer, and numerous utilities. The

placement of the berm would effect historic properties at the southeastem side of the existitg

impoundment.

Estimated capital cost for construction of this altemative is $525.5 million and sustaining capital

cost is $10.5 million. Operating costs over a25- to 30-year period would be approximately $1,592

2-21
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million, resulting in operating costs of $0.84 per ton of stored tailings (Morrison-Knudsen,

1993a).This altemative would not meet the Project need for storage of 1.9 billion tons without

imposing a rate of rise of 4 to 5 feet more per year than the existing dam could sustain without

imposing unacceptable static factors of safety for the embankment stability.

2.4.1.3 Expand the Existing Facility East (North Expansion East)

This altemative is technically and logistically feasible, but was eliminated due to the difficulty in

rezoning and the anticipated delays and projected permitting difficulties. Under this altemative,

operations at the existtrg imFoundment would continue, reaching a final average height of about

250 feet and storing an additionat 300 to 400 million tons of tailings. The remaining 1.5 to 1.6

billion tons of tailings to be stored would be placed in an expansion area immediately adjacent to

and north of the existing impoundment, as shown on Figure 2-3.

The geotechnical investigations completed for this evaluation indicate that the site is acceptable

for embmkme,nt constnrction and tailings storage. Soils mderlying the e><pansion area include a

contiguous layer of low permeability Bonnwille Clay, which would act as a natural liner. It is not

anticipated a synthetic liner would be required at this site.

The impoundment/embankment footprint for this altemative would cover approximately 4,316

acres. The totat area of impact would be approximately 4,898 acres, and would include industial

salt evaporator impormdments, drainage ditches, roads, railroad tracks, and undweloped areas.

Relocating the Union Pacific Railroad fiacks, the drainage channels, and the ut'rlities would be

necessary.

The embankment that would impound the tailings would be constnrcted of the coarse materials

from the cycloned laitings (i.e., underflow). This material would be mixed with water and

fiansported as a slurry through a pipeline to the embankment, where it would be deposited on the

embankment surface, and compacted. The embankment would be designed for an average final

height of approximately 250 feet, with an embankment width of 1,125 feet. Astarter dikewould

2-23



I
I
I
t
I
I
I
I
I
I
t
t
I
I
t
I
I
I
I

1

2

J

4

5

6

7

8

9

l0

l1

t2

l3

t4

15

16

77

l8

19

20

21

22

23

24

25

26

27

28

29

30

3l

be constnrcted in much the same manner using tre centerline method. This dike would provide

early containment of tailings should an earthquake cause the impoundment to fail.

This altemative incorporates heavily disturbed salt impoundment axeas, which would minimize the

impacts to jurisdictional wetlands. Approximately 250 acres of the 1,344 acres under Corps

jurisdiction that would be directly affected are emergent wetlands, which have more diverse flora

and stnrcttrre than the overflow fs5ins, salt ponds s1 saline playas.

The eastem portion of this site would be within fte Salt Lake City limits. The City's position was

not to rezone the property to accommodate the tailings facility within fre City limils, in order to

retain the option for buffering futue residential development adjacent to those lands, as indicated

in the Northwest Quadrant Master Plan. To prevent further delays in project design and permitting,

this altemative was eliminated from furher consideration.

It is estimated that the capital cost to implement this altemative would be approximately $610.5

million and the sustaining capital cost is $42.3 million. The 25- to 3O-year operating costs are

estimated at 5451.2 million, or $0.24 per ton of stored leilings (Monison-I(nudsea 1993a).

2.4.1.4 Reduced Expansion of the Existing Impoundment (North Expansion Reduced)

This altemative was eliminated because it did not meet the Project purpose, and would be statically

and dyramically unstable. It's cental embankment height would be 350 feet md would require

an unacceptable slope of 20H:1V (i.e., horizontal to vertical) on the embankment of the portion

of this new impoundment constnrcted aiop the existing impoundme'lrt.

The North Expansion Reduced Alternative integrates all aspects of the upgrade measures of North

Expansion East Altemative while reducing the footprint of the o<pansion northeast of the existing

tailings impoundment to minimize impacts to jurisdictional waters, as shown on Figure 2-3. This

would reduce the total impoundme,lrt/embankment footprint to approximately 3,084 acres. In order

for the entire 1.9 billion tons of tailings to be stored in this alternative, 300 to 400 milliqn tons

would be stored in &e existirg impoundment, 1.1 billion tons in the e:pansion are4 and the
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remaining 400 to 500 millisn tons in an elevated area comprised of the eryansion area and the

northem portion of the existrng impoundment.

To compensate for the reduced impoundment surface are4 the total height of the expansion

embankment would be increased to about 350 feet to accommodate the up to 1.6 billion tons of

tailings. This significant increase in height would require constnrction of an additional embank-

ment on top of the northem part of the existing imFoundment. The fine-grained tailings preselrt

in the existi.g impoundment axe not a zuitable foundation for embankme,nt constnrction and would

require the use of unacceptably flat slopes to produce a stable design. The southem slope of the

new impormdment area would have to be 20H:lV in order to be suitable for the projected rate of

rise for the new facility. Seismic upgrade and derratering measures similar to those described for

the North Erpansion East would need to be implemented along the east side and the southeast

comer of the existrrg impoundment.

Under this altemative, the tailings impoundment and associated facilities would cover

approximately 3,654 acres and ftg impact to jurisdictional wetlands and other waters of the U.S.

would be approximately 859 acres.

The estimated capital costfor constnrction of this altemative is $653.2 million andthe zustaining

capital cost is $39.8 miltion. The 25- to 30-year operating cost would be $512.0 millisq or $0.27

per ton of stored tailings (Morrison-Knudsen, 1993a).

2.4.2 Off-site Alternatives

2.4.2.1 Barney's Canyon

This altemative is considered infeasible because of technical and environmental difficulties. The

Bamey's Canyon site is located near the Copperton Concentator in the foothills of fte Oquirrh

Mountains. The site is bounded by State Higbway 1l I on fte east, Bamey's Canyon on the south,

and Harker's Canyon on the north. It occupies two distinct watersheds: Clay Hollow and Bamey's

Canyon. Approximately 313 acres of potential jurisdictional waters would be directly affected by
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this altemative-296 acres adjacent to fte existing impoundment (required for seismic upgrade of
exist"g facility) and 17 acres at the Bamey's Canyon site.

To dwelop storage for the 1.6 billion tons of tailings, a new embankment would be consttrcted

of cycloned hilings to a height of approximately 530 feet. There would be insufficient cycloned

tailings material to constnrct this size of an embankment while continuing seismic upgrade of the

existing facility. The prefeasibility design calls for constnrction of a 23O-foot-high starter dike

using mins waste rock, witr ongoing cycloned sand production used for upanded dike

constnrction. The impoundment would cover an area of approximately 4,800 acres. The existing

gravity-feed pipeline from the Copperton Concentrator would be extended I mile and used to

deliver tailings to the site. If trilings were to be fiansported to the Bamey's Canyon site from the

North Conce,lrtrator, they would have to be pumped uphill for a distance of approximately 8 milss.

In addition, the proposed tailings site is in an area of ground water recharge adjacent to an aquifer

that is fte municipal water supply for the City of West Valley. The water table lies at a depth of
300 to 400 feet below the ground surface. Should a large scale ailings storage facility be

constnrcted, Kennecott's technical consultants have recommended the installation of a composite

geomembrane and clay liner, with drainage placed at the base of the tailings to reduce the head

(i.e., pressure) above the liner. The 4,800 acres of liner would overly foundation materials varying

from deep, semi-consolidated or unconsolidated alluvial deposits (some up to 400 feet thick),

interspersed with stable volcanic outcrops. A significant problem would be the expected

differential settling of the tailings, which could cause the liner to rupture. The site's location

immediately upslope of amajor metopolitan area (West Valley), coupled with fte potential height

of the structure (530 feet), places it in a "high risk" category for dam safety and generally would

not be considered zuitable if a lower risk altemative exists.

Estimated capital cost to implement this altemative is approximately $1,021.9 million and the

sustaining capital cost is $22.3 millisn. The 25- to 3O-year operating costs would be $662.5

million, or $0.35 per ton sf lailings stored (Monison-Knudsen, 1993a).
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This altemative was eliminated from further consideration because of the risk of dam failure and

the potential for rupture of the geomembrane over time placing the municipal water supply in

jeopardy. A composite geomembrane and clay liner with drainage placed at the base of the tailings

to reduce head above the liner would most likely be required should a large scale tailings storage

facility be constnrcted at this site.

2.4.2.2 Coon Canyon

This altemative is considered infeasible due to technical and logistical limitations. The Coon

Canyon site is on the east slope of the Oqufurh Mountains, approximately 8 miles from the

Copperton Concentrator (see Figure 2-2). tbre impoundme,nt would be located in the upper reaches

of Coon Canyon, between the ridges of Harker's Canyon and Little Valley Wash. The land is

relatively undisttrbed. Similar to the Bamey's Canyon site, this altemative would lie over

foundation soils potentially zusceptible to differential settlement and is located adjacent to an

aquifer used for mrmicipal water supply. The impoundment would cover an area of about 3,100

acres. Approximately 313 acres of potential jurisdictional waters would be affecte4 17 acres at

the Coon Canyon site and 296 acres adjacent to the existrng impoundment

To impound 1.6 billion tons of tailings at this site, an embankmen! approximately 1,200 feet higb,

and a 5O0-foot-high starter dike would be constructed. Tailings would be pumped uphill from both

the Copperton and North concentrators, with a lift of up to 1,000 feet from Copperton and over

1,200 feet from the North Concentrator. Two parallel pipelines, each 7.5 milss long, would be

constmcted from the Copperton Conce,ntator to handle the volume. The pipelines could affect

additional wetland areas. An emergency retention pond would be constnrcted to impormd tailings

backflow in the went of pumping or power failures. Should a large scale ailings storage facility

be constmcted, Kennecott's technical consultants have recommended theinstallation of acomposite

geomembrane and clay liner, with drainage confiolled at the base of the tailings to reduce gradients

above the liner.
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It is estimated that the capital cost to constnrct this altemative is approximately $767.6 miltiqn and

*1s 5nstaining capital cost is $22.3 million. the 25- to 30-year operating cost would be $620.g

millis11, or $0.33 per ton of tailings stored (Morrison-Ifuudsen, 1993a).

This altemative was eliminated from further consideration because an embankment approximately

l,2OO feet high would be required to store the 1.6 billion tons of tailings. Also, the tailings would
have to be pumped 1,000 feet in elevation from Copperton md 1,200 feet in elwation from the

Nortr Concentrator. The entire tailings site would require a liner, approximately 3,100 acres.

Each of these factors is well beyond the logistical and technical limits of an acceptable tailings

impoundment facility.

2.4.2.3 Dry Fork/Carr Fork

This alternative would require three separate actions: l) seismic upgrade of the existirg

impoundmen! 2) development of the Dry Fork impoundment, and 3) dwelopment of the Carr Fork

impoundment. And the Dry Fork and Carr Fork sites would be combined to form an impoundment

area of sufficient capacity @igure 2-2). This altemative calls for the dwelopme,lrt and operation

of trvo tailings storage sites, one on the existi.g Dry Fork waste rock pile above Bingham Canyon,

and the other at Carr Fork on the west side of the Oquirrh Mountains. The cycloned tailings

produced from Copperton and North concentrators would be insufficient to both constmct the

starter dikes for the off-site location and continue seismic stabilization of the existing

impoundment.

In 1993, this altemative had a combined total storage capacity of 1.5 billion tons; the Dry Fork site

may now have reduced capacity since there has been a year of additional waste rock deposition.

Dry Fork had a storage capacity of approximately 700 million tons, and the Carr Fork site a

capacity of about 800 millisa tons. Under this altemative, after the Dry psd( impotmdment

reaches capacity, tailings would be stored at the Carr Fork site. Approximately 308 acres of
jurisdictional wetlands and other waters of the U.S. would be affected; approximatety 72 acres total

in Dry Fork and Carr Fork, and 296 acres adjacent to the existing impoundment (SWCA, 1994a).
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Under the original analysis in 1989, the Dry Fork imFoundment would need to be 600 feet high,

and cover an area of approximately 1,300 acres. It would be built upon a 600-foot-deep existing

waste rock pile. Waste rock would be reworked to build the starter dike. Following starter dike

construction, the embankment would be constnrcted of cycloned, compacted tailings, placed on the

existing rock pile. To improve drainage and prevent piping of tailings through the rock fill, ahigh-

density polyethylene pipe drain system would be installed beneath 1trs tailings impoundment.

A tailings pipeline approximately 4.5 milss long would be constucted from the Copperton

Concentator to the Dry Fork impoundme,nt. This system would require an initial lift of the

slunied tailings of 1,000 fee! and a ma>rimum lift of 1,600 feet. Booster pump stations would be

reqtrired to provide the lift from the Copperton and North concentrators. An emergenry rete,ntion

pond would be developed to receive lailings backflow during marntenance or in the event of a

power failure. Once Dry Fork reaches its full capacity, the existing Panzenu trmnel wouLd be

renovated to transport lailings to the Carr Fork site. A gavity pipeline would lead from the tunnel

to the tailings imFoundment. The ultimate impoundment heigbt at Carr Fork would be 450 feet

and cover an area of approximately 2,000 acres. Constnrction sf imFoundme,lrts at Dry Fork and

Carr Fork sites would require installation of a liner and drainage system to protect the aquifer.

Estimated costs to construct this alternative are approximately $947.9 million and the sustaining

capital cost is $26.8 million. \\e 25- to 30-year operating costs are estimated to be $706.4

million, or $0.37 per ton of tailings stored. (Monison Knudsen" 1993a)

This altemative was considered and eliminated because of the lining and differe,ntial settlement

problems inherent in fte alluvial and volcanic deposits in fte are4 the initial pumping of the

tailings slurry 1,000 feet in elevation and over a 20 mile distance (with the ma>dmum lift of 1,600

feet), and downstream risks from potential dam failure. Therefore, this altemative has serious

logistical and technical constraints including the downstream risks from potential dam failure.
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2.4.2.4 Tooele/Carr X'ork

The Tooele site would be combined with the Can Fork site to achiwe the required storage capacity

of 1.6 billion tons. This altemative involves storage at two separate sites: one located 3 mitsg

south of the town of Tooele on the west side of the Oquirrh Mormtains, and the second at Carr

Fork (refer to the description under the Dry ForVCarr Fork altemative). The Tooele site, shown

on Figure 2-2, is at the south boundary of the Tooele Army Depot in the uppermost reaches of the

Tooele Valley, overlying an aquifer recharge area- It is estimated &at 305 acres of potential

jurisdictional waters would be affected; 9 acres, total, at Tooele and Carr Fork, and 296 acres

adjacent to the existing impoundment.

In this altemative, 300 to 400 millisn tons of tailings would be stored at the oristing impormdmen!

1.2 billion at the Tooele site, and 400 million tons at the Carr Fork site. Once the Tooele site

reaches capacity, tailings would be stored at Carr Fork. The Carr Fork imFoundme,lrt would be

approximately 400 feet high and would cover 1,000 acres. This altemative would be a smaller

version of the Carr Fork impoundment (refer to Section 2.4.2.3.) due to the decreased storage

capacity required under this altemative.

The ultimate impoundment heigbt at Tooele would be 430 feet and would cover an area of
approximately 2,360 acres. Tailings from the Copperton Concentator would be pumped 280 feet

in elevation inside a 5.7-mile-long tunnel through the Oquirrh Mormtains to the Carr Fork site, then

would be transferred to an at-grade concrete flume for a 20 mile trmsport to the Tooele

impoundment. New trestle crossings would be required at Settlement Canyon and State Highway

36. In addition, an impervious liner and sub-drainage system would be reErired.

It is estimated that this altemative would cost approximately $1,046.0 millisl to constnrct and the

zustaining capital cost would be $22.3 million. The 25- to 30-year operating costs are estimated

at $732.4 millis4 or $0.39 per ton of tailings stored" which is considered economically infeasible

(Morrison-Knudsen, 1993 a).

This altemative was eliminated from further consideration because of the logistical constraints.

Specifically, it overlies an aquifer recharge are4 requires pumping the tailings slurry uphill 280
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feet for a 25 mils distance, as well as requires the installation of a liner. The costs associated with
these features are unacceptable.

2.4.2.5 Stoclicton

The Stockton site calls for establishing 6n imFoundment on low-lying foothills west of the Oquirrh

Mountains, 6 mils5 south of the town of Stockton in Rush Valley (see Figure 2-2). The site is

situated at the junction of State Highways 36 and 73 onpublic land managed by the BLIrd about

2 mils5 above Rush Lake. Approximately 308 acres of potential jurisdictional waters would be

affected by this altemative; 12 acres at Stockton, and 296 acres adjacent to the existing imFound-

ment

The ultimate impoundment height at Stockton would be 44Q feet and would cover an area of
approximately 4,400 acres. The tailings disposal system would consist of a series of pump

stations, pressurized pipelines, and a concrete flume. The tailings lift from Copperton would be

645 feet to a 4.7-rnile-long tunnel through the Oquirrh Mountains. Beyond the trnnel would be

a 16.2'rnile-long gravity pipeline to the disposal site. The pipeline would require constnrction of
trestle .16ssings at Pine Canyon and Settlement Canyon. A composite liner constnrcted of clay

and geomembranes would be required to protect the aquifer. Because the Stockton site is a
relatively flat valley bottomland, the liner would have to cover the entire site at the onset rafher

than be expanded as the site is filled.

The capital cost estinate is approximately $1,218.9 million with the sustaining capital cost

estimated at 522.3 million. The 25- to 3Q-year operating cost estimate is $738.3 millis4 s1

approximately $0.39 per ton of tailings stored (Morrison-I(nudsen" 1993a).

This altemative was eliminated from further consideration because it would have significmt

logistical consfiaints. Specifically, the Stockton site would require installation of tailings pipelines

over 2l mils5 leag, with a pumping head of approximately 650 feet in elevation 4d lining of
approximately 4,400 acres.
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2.4.3 Combination Alternative

2.4.3.1 Reduced North Expansion/Barney's Canyon

This altemative combines an impoundment immediafely north of fte existrng impoundment with

a smaller off-site tailings storage area located at Bamey's Canyon.

The Reduced North E><pansion tailings impoundment would be constnrcted with the west perimeter

located just to the east of West C-7 Ditch (see Figure 2-4a\. The starter dam would be constnrcted

to allow the impoundment embankment to be raised to a height of 245 feet (see Table 2-3). The

embankment would be constnrcted of sand that has been removed from the whole ails by

cyclones. At year 20 of operation, lailings from the Copperton Concentrator would be diverted

to the Bamey's Canyon location. Tailings from the North Concentrator would continue to be

deposited in the Reduced Norlh Expansion impoundment for the projected mins lifs of 28.7 years

total.

The embankment would be constucted at Bamey's Calryon the same as at the Reduced North

E:rpansion (Figure 2-4b and 2-5) using cyclone 1ailings. From the first deposits in Bamey's

Canyon, at year 2O of operations, both impoundments would be in use until the end of the mine

life.

Constnrction of the Reduced North E>pansion embankment would require the -ajority of the sand

available from combined tailings from Copperton and North concentators. Therefore, imported

fill material would be reErired for the constnrction of the starter stnrctures at the Bamey's Canyon

Impoundment.

A study was conducted on the Bamey's Canyon site to determine dam height, rate of rise, and

other design features that would be required to store the tailings. Since the off-site impoundment

would not be needed for 20 years, the cost of constnrcting the facility could be defened and fte
North Conce,lrtrator would not be required. Bamey's Canyon is down slope from the Copperton
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Table 2-3

Combination Alternative Comparison

Concentrator (Figure z-ab); therefore, the tailings could be tansported 10 milss by gravity.

Environmental considerations at the Bamey's Canyon site relate to surface and ground water

quality. There are two drinking water wells immediately down slope at the town of Copperton.

A municipal water supply recharge area underlies the entire site at a 300-400 foot dep6.

A composite geomembrane and clay liner would be required under the embankment and

impoundment (2,380 acres) due to the potential for differential settlement. If the liner were to

rupture, ground water resources would be at risk. There would also be a high risk of down stre4m

damage in West Valley should a dam failure occur.

In addition, the planned West Valley futgre dwelopment would be in conflict with large tailings

facility. There would be a need for relocation of the Union Pacific Railroad and the Utah Power

& Light tansmission line. The capital cost estimate is approximately $602.1 million with the

sustaining capital cost estimated at $55.8 million. The 25-to-30 year operating cost estimate is

$447.7 million, or approximately $0.24 per ton sf lailings stored (Morrison-I(nudson, 1994).
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Reduced Expansion Barney's Canyon

Dam Height 245 feet 160 feet

Average Rate of Rise 12.4 ftlyr 18.5 ff/yr

Operating Life 28.7 years 8.7 years

Design Volume 1.22 billion tons 0.39 billion tons

Impoundment Area 2450 acres 2380 acres

Jurisdictional Lands

Alfected

860 acres appro)r 17 acres
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This alternative was eliminated from further consideration because of the potential risk of

contamination of ground water zupplies, inzufficient cycloned tailings material for constuction,

risk of dam failure, need for a liner, and the regulatory constraine of attemp'ng to permit the

facility.

2.5 ALTERNATIVES EVALUATED IN DETAIL

Those altematives that could not meet the practicability or feasibility tests were eliminated from

further analysis (refer to the section above). Two alternatives, the No Federal Action and the

North E:ipansion West, remain to be examined further within the environmental consequences

section of the EIS.

2.5.1 No Federal Action

This altemative would continue the current tailings storage operations without change: shlilizing

the existing impoundment, dewatering, filling, snd lsslaiming the area- {scolding to NEPA No

Federal Action (or No Action) is the alternative that represents projections of current conditions

to the most reasonable future conditions that could occur during the life of the Project without the

proposed action or other proposed altematives being inplemented. The life of the existing

imFoundment would be to year 2004, after which fts mining operations would cease. This would

cause the termination of over 4000 jobs, and socioeconomis imFacts to local units of govenrment,

as well as local businesses.

Other assumptions used to characterize the No Federal Action include:

o no change to the tailings slurry input volume until mine clozure in year 2004,

. continue to stabilize the existing impoundmeng raise the step back dike along the southeast, and

constnrct no stabilization berm"

. continue raising the impoundment to an average height of 250 feet,

. fill, cap, and reclaim the existrng impoundment by year 2004,

. no direct filling of wetlands or jurisdictional waters,
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. no Section 404 permit required, and

. no change to the C-7 Ditch, railroads or utilities.

This altemative would not meet the purpose and need for storing 1.9 billion tons of tailings

required under the current mine plan, nor would it allow the seismic upgrade of the existrng

imFoundment. The increased risk of dam failure from a seismic event could cause inadvertent

filing of the surroundirg wetlands and damage or loss of I-80, railroads, and other transportation

and utilities. Also, mining operations would have to cease soon after the existing tailings

impoundment reached capacity.

2.5.2 North Exoansion West

This altemative would accommodate the full projected tailings volume of 1.9 billion tons, by

eripanding into the area immediately to the north and northwest of the existing impoundment as

shown on Figure 2-6. The North Expansion West impoundme,nt/embankment footprint would be

approximately 4,018 acres. The expansion area includes salt waporator impoundme,nts and the

former fertilizer production facilities northwest of the exisri.g impoundment. The former fertilizer

production facilities are cunently being dismantled; they include the processing buildings,

warehouses, and the phosphogypsum stack.

Under this alternative, 300 to 400 million tons of tailings would be placed into ttre existing

impoundmen! bringng its find height to approximately 245 feet. The eryansion would begn

receiving tailings in late 1998, and the forecasted 1.5 to 1.6 billion tons of futrue tailings would

be placed into an area of approximately 4,018 acres immediately adjacent to the existing

impoundment. A starter dike would be constnrcted of r.rnderflow sands for early containment of

tailings overflow in the event of a seismically induced (i.e., earthquake) failure of the existing

impoundment.

Current design is for the constnrction of an approximate 245-foot-high embankmen! approximately

5.6 miles long, to store approximately 1.5 to 1.6 billion tons of ailings produced during the next
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25- tD 30-years of operation. Dewatering measures would be continued along the east side, the

southeast comer, and a northwest reach of the existing impoundment to address seismic upgrade

needs for these portions of the embankment (SWC,\ 1993a).

Soils in the area north of the existing impoundment are suitable for embankment constnrction and

lailings storage. Due to the presence of a contiguous layer of low-permeability Bonnwille Clay

underlying the orpansion are4 no slmthetic liner would be included in the design.

Property affected by the North Expansion West includes the former salt waporator facility, former

fertilizer production facilities, phosphoglpsum stack and processing facilities (former Chernon

site), C-7 Ditch, and Union Pacific railroad tacks. Over 60 perce,nt of the land to be used under

this altemative has been previously disturbed by industial activities.

The footprint for this altemative would be approximately 4,018 acres, which includes 984 acres

of jurisdictional wetlands or other waters of the U.S. Refer to Table 24 for the approximate area

affected by each Project component.

Table 2-4
North Expansion West

Project Component Jurisdictional Area
(acres)

Area Affected
(acres)

East C-7 Ditch Reroute 40.56 t07.40

West C-7 Ditch Reroute 28.91 61.69

Kennecott Railroad md
Buffer Corridor (West)

C 2.03

UP&L Corridor and Vizual
Buffer

42.46 115.34

UPRR Relocation 62.21 t45.74

Toe Ditch and Access Road 58.41 t52.23

Tailings Impoundment and
Embankment

746.28 3843.39

Sedimentation Pond 5.35 29.61

TOTAL 984.30 4,457.43
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r 1 Capital cost 1s implement this altemative is estimated at approximately $531.9 million and the

I 
2 zustaining capital cost is $41 m;ltisa. Estimated 25- tn 3O-year operating costs are $471 millie4

r 3 or $0.25 per ton of tailings stored (Monison-Knudsen, 1993a).

r4
I 5 2.6 PREFERRED ALTERNATTVE

r6
ll 7 2.6.1 Owner Preferred Alternative

I,

r 9 Athough llsnn.cott favors the Proposed Action (i.e., the Initial Plan) as their preferred action, ftey

I 
l0 recognize that this plan has jurisdictional and regulatory (e.g., aning) consfaints that overshadow

I I I the atfiactiveness of the economics, logistics, and technical criteria Therefore, Kennecott's

I 12 preferred altemative is the remaining action altemative, the North E>4pansion West altemative.

I 13 This altemative would allow Kennecott to meet its purpose and need to continue competitive

I 14 mining operations, allowing the greatest possible capacity for storing tailings with m acceptable

I 15 dam heighg and acceptable cost for capital and operational expenditures.

r16
I 17 2.6.2 Asencv Preferred Alternative

118
I 19 A Preferred Alternative will be selected by the Corps following the review of the DEIS.

t
I
I
I
I
I
I
I
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CHAPTER 3 -AFFECTED E TVIRONMENT AI\D EiYVIRONMENTAL CONSEOUENCES

Note:

The jurisdicfional wetlands and other waters of the U.S. impacts are currently being recalculated-

Therefore, the areafor specific wetland types may be subject to change. These modifications will

become Wrt of the public DEIS.

3.1 INTRODUCTION

This chapter combines the affected e,nvironment and environme,ntal consequences descriptions in

one section in an effort to reduce the volume of the Draft Environmental TmFact Statement (DEIS)

and make it more understandable. Where applicable, refere,nces to prwious studies throughout the

document lead to the original source of information and detailed zupporting data The previous

studies are listed in Chapter 4 - Consultation and Coordination and copies are available at the U.S.

Army Corps of Engineers (Corps) office in Bountiful, Utah or at Kennecott Utah Copper

Corporation's (Kennecott) library.

3.1.1 Affected Environment

The Affected Environme,nt portions of this chapter describe the existing environmental resources

in the study are4 in particular focusing on the iszues raised during the scoping process. In

accordance with the National Environmental Policy Act (NEPA) regulations 40 CFR 1502.15, the

affected environment section discusses the conditions in the human and natural e,lrvironment which

would be affecte4 beneficially and adversely, by the proposed altematives. In addition, resources

or project elements which are zubject to statutory or regulatory reEriremen8 are described. The

key resources, grouped into the following disciplines, are addressed within this chapter:

rThc strdy aca is d.fi"cd as thc land boundcd by Highway 2O2 on ihc wcs! I-80 on the nortb 7200 East on thc c6t, and llighway 201 on thc soutb (Plcasc

rcfcr to Figurc 2-l for study rca boundry). 3-1
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I 1 Natural Environment

t 
2 @s o Water Resources

I 3 - jurisdictional wetlands/waters - surface wateg quality and supply

r 4 of the U.S.

I 5 - vegetation - ground water supply

I 
6 - aquatic biota . Earth Resources

|l 7 - terrestial wildlife - geology and physiogaph

r 8 - special status species - seismicity
I
I 9 - soilresources

- l0 Human Environment

t ll *r"Lr***Oon and . Hazardous MaterialsAilaste

12 Utilities

I 13 - land jurisdiction/ownership - proposed North Zone Superfund site

. 14 - existing and planned land use - Garfield Plant

t 15 - transportation and access - Morton Salt Plant

t 
16 - mning - fuels, oils & lubricants

I 17 . Vizual Resources . Cultuual Resources

- 18 - landscape character . Noise

t 19 - sensitive vievpoints . Air Qualiry

r 20 . Socioeconomics

I 27 - population

r 22 - employment

I 23 - personal income

24

I

I
t
I

rThc sbrdy arca is dcfincd gs thc latd boundcd by Highway 202 on thc wcst, I-80 on thc norilL 72cf, B^* on thc cast, and Highwey 201 on thc south (plcasc

rcfa to Figurr 2-l for sbrdy area boundry). 3-2
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3.1.2 Impact Assessment Methodolow

3.1.2.1 Significance Criteria

Environmental resources were assigned anticipatsd impact levels of significant, insignificant or no

identifiable impact. The critical determination for each resource was in defining significant impact

thresholds. The signifrcance of imFacts were analyzed in several contexts: society and the

environment as a whole, the affected region and interests, and the locality. In determining whether

an impact would be significant or insignifican! several factors relating to the intensity and swerity

ef imFacts were considered including, the degree to which:

. effects may be adverse and/or beneficial,

. the project would affect public health/safety,

. the geographic area has unique natural and cultural resource characteristics,

. effects on the quality of the human e,lrvironment would be highly controversial,

. effects on the human e,nvironment would be higily uncertain or involve unknown risks,

. the project may establish a precedent for futue actions,

. the project is related to other projects with individually insignificant but cumulatively

significant impacts or benefits,

. critical and protected resowces would be lost, destroyed, zubstantially changed or stressed (eg.,

features on the National Register of Historic Places, special status species or habitat), and

. the project would threaten violation of federal, state, or local law or requ.ireme,lrts imposed for

protection of the environment.

3.l.2.2Impact Levels

Impact levels were rated high, moderate, low, no-identifiable, or beneficial. The levels are defined

below:

Hieh Impact - A high level of impact would potentially cause a significant or zubstantial adverse

change or stress to an environmental resource(s).

J-J
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Moderate Impact - A moderate impact would potentially cause some adverse change or stress

(ranging between significant and insignificant) to an environmental resource(s).

Low Impact - A low impact would potentially cause an insignificant or small adverse sfuange or

sfess to an environmental resource(s).

No-Identifiable Impact - No-identifiable impact would be indicated where no measurable impact

would occlu to the specific environmental resource(s) under investigation.

Beneficial Imoast - A beneficial impact would cause a positive change to the specific

environmental resource(s) under investigation or to public health and safety.

3.1.2.3 Direct Impacts

Direct impacts are those which would be caused by the action and would occur at the same time

and place as ftat action. Impacts were determined by assessing the initial effects of constnrction

activities anticipated for the Proposed Action or altemative, and the long-term effects of project

operation and maintenance (refer to Chapter 2 - Description of the hoposed Action and

altematives). Potential conflicts with the objectives of federal, state, and local plans, policies and

controls were also identified. Short-term impacts could be caused by constnrcting individual

components of the Project such as the fueling facility, the slag haul access road, the starter dike,

and sedimentation ponds. Long-term impacts could result from operating and maintaining these

facilities, as well as from the long term effects of covering land, potentidly altering drainage

pattems or recharge of ground waters. Beneficial direct impacts could be from cleaning up

hazardous materials while preparing the site for constnrction.

3.1.2.4 Indirect Impacts

Secondary (or indirect) impacts are caused by dwelopment or other activities that are not a direct

part of the proposed Project, but occur either later in time or outside the study area Indirect

effects must be reasonably foreseeable. Indirect effects may include changes in land use pattems,

3-4
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population density or growth rates and related effects on air, water and other natwal systems.

Beneficial secondary impacts related to the Project may include increased employment and tar

reve,nues to the local govemment.

3.1.2.5 Cumulative Impacts

Cumulative impacts are the impacts on the environment resulting from the incremental effect of

the Project when added to ofter pas! present and reasonably foreseeable funre actions, regardless

of what agency (federal or non-federal) or person undertakes zuch actions. Cumulative impacts

can result from individually minor, but collectively significant actions, taking place over a period

of time.

3.1.2.6 Long-Term Productivity and lrreversible and Irretrievable Commitments of Resources

Impacts on the environment are analyzed for long term as well as immediate effects. Each

resource is examined to determine if the Project's short-term uses of the environment will effect

long term productivity or require irreversible and irretievable commiments of resources.

3.1.2.7 Mitigation Measures

Mtigation measures arc nalyz.ed to determine their effectiveness in reducing either the magnitude

or duration ef imFacts. NEPA does not require that an impact be significant before identifring

a mitigation measure. Mtigation should be used when it is effective in reducing the effect and is

reasonable. For signifisanl imFacts, such as filling wetlands or waters of the U.S., a carefully

designed mitigation plan is included as part of this DEIS Proposed Action; md therefore are

considered before determining residual impacts (refer to Appendix B).

Mtigation for altematives includes generic and specific progftlrns. Generic mitigation programs

consist of measures or tecbniques recommended Project-wide basis as part of the Proposed Action.

Specific mitigation progrrrms include mea$ues recommended on a case-by-case basis for the

environmental resource(s) under investigation. For any proposed mitigation, the reduction of the

3-5
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impacts is quantified and described. The remaining residual unaroidable adverse impacts.

impacts that cannot be mitigate4 are then identified.

3.2 BIOLOGICAL RESOURCES

3.2.1 Overview

3.2.1.1Methods

Vegetation and wildlife data were obtained from existing information and agency contacts.

Vegetation and wildlife of the shrdy area were sampled during field surveys conducted by

BIOIfr/EST (1992), and were summarized by SWCA (l99ac). Wetlands were characterize4

delineate4 and mapped by SWCA (1994). Agency personnel were contacted and asked to identiff

potential or known occurences of special status species and sensitive habitats within the study

area- Information has been requested from the Utah Division of Wildlife Resources (tlDWR), U.S.

Fish and Wildlife Service (USFWS), and Utah Natural Heritage Program (tIMf).

3.2.1.2 Legislation

Actions potentially affecting vegetation and wildlife resoruces are regulated by sweral federal

stahrtes. The Endangered Species Act of 7973 (16 U.S.C. 1531 et seq.) as amended, provides

USFWS the authority to protect wildlife and plant species designated as threatened or endangered.

All wild birds exce,pt starlings and house sparrows are protected by the Mgratory Bird Treaty Act

of 1986. The Bald Eagle Act of 1940 (amended in 1962) furlher protects bald eagles and golde'n

eagles. Additional legislation affording protection to wildlife species and their habitat includes the

Sikes Ac! Title tr (16 U.S.C. 670 et seq.) as amended, the Federal Land Policy and Management

Act of 1976 (FLPI\,IA) (43 U.S.C. 1701) and NEPA.

Wetlands are subject to regulation by the U.S. Army Corps of Engineers (Corps) pursuant to

Section 404 of the Clean Water Act (33 CFR Section 320-330). Section 404 also regulates

activities in "waters of the United States" which includes navigable waters, such as lakes, rivers,

and streams, but also includes adjacent wetland impoundments, tributaries, mudflats, sandflats,
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sloughs, wet meadows, and playa lakes. Section 404(bxl) of the Clean Water Act requires that

a Proposed Action be evaluated to ensure that altematives are considered that would avoid impacts

to wetlands, and if avoidance is not possible, to minimize impact to the exte,nt possible. Wetlands

are also addressed by Executive Order 11990 (1977), Protection of Wetlands that reErires federal

agencies to take action whe,never possible to minimize damage to wetlands.

Legislation directing wildlife management also exists at the state level. In 1971, the Utah

legislature passed a Wildlife Resources Code that gave authority and charge to the UDWR to

protect, propagate, rumage, conserve, and distibute protected wildlife in Utah.

3.2.2 Issues

Issues to be addressed in this DEIS include the potential effects on biological resources, includitg

wetlands, vegetation, aquatic biota wildlife, and special status species. ffts Jailings Modemization

Project would fill jruisdictional wetlands resulting in the loss of wetlands, vegetation" and habiat

for aquatic biota mammals, birds, reptiles, and amphibians.

3.2.3 Affected Environment

3.2.3.1 Jurisdictional Wetlands and Waters of the United States

Methods

Jurisdictional wetlands were identified using criteria specified in the Corps Wetlands Delineation

Manual (Corps, 1987), relwant case law (Leslie Saltvs. United States 1992, Golden Gate Audubon

Society vs. Corps 7992), and Corps regulatory guidance bulletins. Wetlands were identified using

hydrology, soils, and vegetation characteristics that indicate wetland conditions according to Corps

guidelines (1987). All three parameters must be prese,nt for a site to quali& as a jurisdictional

wetland. In addition to field evaluations, National Wetland Inve,ntory NWI) maps (USDI, 1990),

aerial photogqphy, soils maps (USDA, 1974), and hydrogeology reports (Kennecott, 1992) were

used as an information base. Furthermore, information was obtained on the vegetation, soils, and
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hydrolory of the area that was conducted by BIO\WEST (1992) and a ponding study of the salt

evaporator impoundment that was conducted by ERM-Rocky Mountain (1993).

Wetlands

Wetlands primarily occur in the shrdy area as small isolated patches and along ditches or canals

and near wells. Wetlands cover approximately 548 acres (4 percent) of the study area These

wetlands occur in response to a shallow water table, and periodic or perennial saturation of the soil

occurs during most of the growing season.

Wetlands were amalgamated into trvo types by SWCA (7994\, and approximately 548 acres of

wetlands were identified in the Kennecott property as shown on Figure 3-1. The trro wetlad tlpes

include saltgrass flats and corrmon reed-dominated palustine systems. In addition, approximately

1598 acres were designated as jurisdictional waters of the United States. These areas include

saline playas (1,088 acres), opem water (133 acres), overflow basins (83 acres), and the gull colony

impoundments Q94 aues).

Saltgrass (Disfichlis spican) flats dominate much of the wetland area that is periodically, but not

perennially flooded. Areas containing surface water for most of the growing sqson axe

characterized by common reed (Phragmites australis), bulrush (Scirpus spp.), and cattail Qypln

IatifoliQ. Sligbtly elwated areas that have a minimum of periodic surface inundation or soil

saturation contain shrubs and small tees of Russian ohve (Eleagnus angusfifolius), tamarisk

(Tamarix ramosissima), and willows (Sa/ix spp.) The understory is dominated by saltgrass and

iodine bush (Allenrolfea occidennlis).

Saline Playas

Saline playas are sparsely vegetated inland basins that are occasionally or at least historically

inundated by Great Salt Lake. These areas are characterized by intemal drainage and by a cycle

3-8
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of seasonal ponding, water evaporation, and surface salt accumulation. The accumulation of salts

prevents germination and gfowttr of all but the most saline-tolerant species, such as iodine bush,

pickle weed (,Salicornia spp.), saltgrass, seepweed (Suaeda spp.), and Mediterranean barley

(Hordeum hystrix).

Open Water

Open water typically occurs in topographically low-lying areas that periodically pond surface water

runoff or ground water discharge. These areas include ephemeral ponds or intermittent st'eems

and small, isolated ponds and ditches that are man-made. The C-7 Ditch and C-7 West Ditch &at

occur along the north and east sides of the exisfirg imFoundme,nt are considered open water.

Overflow Basins

The overflow basins are located immediateh west of the phosphoglpsum stack. This area includes

a process water canal, and four diked overflow basins. The purpose of the canal was to collect

overflow from the phosphogypsum tailings and retum it to the processing plmt. The overflow

basins are adjacent to the open-water canal, and are oriented on the same north-south direction.

The basins have not been used for several years and now collect water only seasonally but are

satruated. Vegetation is generally sparse or baren, but some areas are dominated by salt ga.ss,

young tamarisk, and annual weeds (e.g., mustards, storksbill). Because the basins are not

operational, areas of the basins that were saline playas have reverted back to playas, md are mostly

barre,n. Other areas that are slightly higber in elevation contain scattered stmds of vegetation (e.g.,

seepweed, saltgrass).

Gull Colony Impoundmene

Califomia gulls have used a series of salt evaporator ponds that occur north and northwest of the

existrng tailings area for breeding and nesting since at least the 1960s (SWCA, 1994). These

evaporator ponds were established by the Morton Salt waporation operation. Evaporator ponds

hold water during spring runoff and are inundated during fte spring and early part of the summer,
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but often dry out completely in August or September. Because the area is either floode4 and most

of the water is eventually lost by evaporation, vegetation is very sparse and resembles that of the

saline playas.

3.23.2 Vegetation

Methods

Vegetation pattems were identified from aerial and field reconnaissance. Sample plots were then

established using 5O-foot circles on either side of aquatic communities that were identified during

the wetland study. Dominant (at least 50 percent of the total area of the community being sampled)

tees were sampled within a 25-foot radius of the plo! shrubs, vines and saplings within a l5-foot

radius, and herbaceous within a S-foot radius. Vegetation types were identified by the dominant

species that characterize or t5piry certain parts of the study area Data were then mllected on the

percent foliar cover of each species that occrured within the vegetation type being sampled using

a 5O-meter transect, on the growth habit of the species (nee, shrub, forb, gaminoid), and on the

wetland indicator value @IO/UIEST, 1992). Other information recorded included height, relative

production estimate, densrty (number of stems per area), and assessment of reproduction.

A total of fifty 0.2 x 0.5-meter quadrants were located along the transect line to obtain data on the

plant species within a particular vegetation type. The data obtained during the field sampling are

provided in appendices in BIOAilEST (1992).

Results

Wetland Communities

Five different wetland communities were identified from the field work, and include: salins

playalmudflats, palustine emergent meadows/marshes, palustine scnrb-shrub, riparian scrub-shrub,

and open water (BIOIfi/EST, 1992).

3-10
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As described for wetlands, saline playas are sparsely vegetated with saltgrass (Disfichlis spicata),

annual pickleweed (Salicornia europa), alkali seepweed (Suaeda depressa), and five-hook bassia

(Bassia hyssoptfulia). Vegetation cover ranges from 2 to 20 percent.

Emergent meadows/marshes are characteriznd by surface water and relatively dense stands of

saltgrass, American bulrush (Scirpus americanus), Olney's bulrush (Sciryus olneyi), five-hook

bassi4 Baltic rush (Juncus balficus), and little barley (Hordeum pusillum). Vegetation cover

ranges from 50 to 100 percent. Areas of deeper water contain common rced (Phragmites

australis), broad-leaved cattail (Typha lafifolia), southem cattail (7. domingensis), and hard-stem

bulrush (Scirpus acutus\, as well as the other rushes mentioned prwiously.

Palustine scrub-shrub vegetation occurs in topographically lowJying areas along mmy of the

creeks and canals. The vegetation is comprised of a shnrb overstory md a herbaceous understory.

Dominant shrubs consist of tamarisk (Tamarix ramosissima), Russian olive (Eleagnus

angusfifolium), aod sandbar willow (Salix exigua). Principal understory species are sdtgrass,

iodine bush" common reed, little barley (Hordeum pusillum), foxtail barley (Hordeum jubatum),

annual rabbit-foot grass (Polryogon monspeliensis), and Baltic rush. Cover ranges from 50 to 100

percent.

Riparian scrub-shnrb wetlands typically comprise a narrow band of vegetation along water

channels, and is especially prominent in the westem part of the study area A typical area of this

vegetation tlpe occurs in a 5- to 50-foot wide strip along the C-7 Ditch. Dominant plant species

of the overstory are boxelder (Acer negundo), sandbar willow, narrowleaf cottonwood (Populus

angustifolia), tamarisk, Russian olive, and Siberian eln (Umus pumilQ. The rmderstory is

dominated by Wood's wildrose (Rosa woodsii), cattail, common reed, reed canarygrass, redtop

(Agrosfis stolonifera), and saltglass. Cover of the overstory ranges from 20 to 70 perce,nt, and the

understory from 80 to 100 percent.
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Areas of open water occur throughout the study area in low-lying basins and closed basins.

Typically vegetation is confined to the periphery of these areas, and consists of species that

dominate emergent meadows/marshes.

Upland Communities

Upland communities include: grassland, alkali scrub-shnrb, urban forest and scrub, p,tsture, cropped

field, and disturbed land. Upland commrmities are confined to areas near the toe of the tailings

and areas that contain enough elevation to distance the soil surface from the water table. Such

areas itre more prominent near the noflheast comer of the tailings pile.

Grasslands, howwer, ate scattered disjunctly throughout the study are4 oftem adjacent to wetland

commrmities in conjunction with a distinct topographic break. Dominant species include

cheatgrass (Bromus tectorum), saltgrass, fittle barley, scratchgrass (Muhlenbergia asperiJolia\,

halogeton (Halogeton glomeran), Russian thistle (Salsola iberica), bluebunch wheatgrass

(Agropyron spicatum), and numerous other grass and forb species (BIOIfr/EST, 1992). Shrubs of
greasewood (Sarcobatus vermiculatus), shadscale (Atriplex confenifolia), broom snakeweed

(Gufienezia sarothrae), rabbit brush (Chrysothonnus ruruseosus/vicidiflorus), and big sagebnrsh

(Anemesia tridentata) are scattered in the grassland areas. Vegetation cover of grass and forb

species ranges from 60 to 90 percent.

Alkali scrub-shrub vegetation occurs on slight knolls that are adjacent 1s 5alins playas, wet

meadows, and also grasslands. The vegetation is characterized by prominent shrub and herbaceous

strata- Shrub species include shadscale, Crardner saltbush (Atriplex gardneri), gray molly (Kochia

americana), Mexican srunmer cypress (Kochia scoparia), broom snake weed, greasewood and

rabbitbrush. Principal herbaceous species are foxtail barley, Mediterranean barley, alkali sacaton,

storksbill (Erodium cicunrium), saltgrass, thyme-leaf spwge (Euphorbia serphyllifolia), md

scratchgrass. Vegetation cover varies from 20 to 80 percent for shrubs, and 60 to 90 percent for

the herbaceous understorv.
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Cropped fields are confined to the southeast comer of the tailings impoundment near Magna-

Principal crops iue oats, wheat, and alfalfa-

Pasfures also occur near Magn4 and consist of a number of grass and forb species zuch as

saltgrass, bluegrasses (Poa spp.), scratchglass, rabbitfoot gass, wheatgrasses, as well as

greasewood, broom snakeweed, and rabbitbrush.

Urban forest and scrub also occur in this part of the study area- Common fiee species include

Siberian elm, cottonwoods, boxelder, Russian olive, tamaris( md willows. The rmderstory species

usually include various omamental plants as well as tall wheatgrass (Agropyron elongatum),

intermediate wheatgrass (A. intermedium), reed canarygrass (Phalaris arundinacea), cheatgrass,

curlycup gumweed (Grindelia squarossa), and saltgrass.

3.2.3.3 Aquatic Biota

Methods

Field surveys for fish were conducted by BIO il/EST during three sampling periods: September

1991, October 1997, and May 1992. Data were collected zuch that spatial variability in fish

abundance, species cornposition, and condition could be evaluated. Eleven sites were sampled and

included major surface-water bodies within the study are4 these sites are identified in Appendix

A, Fisheries Sample Sites [Appendix will be provided in fte DEIS]. Sites were selected to provide

a comparison of ambient conditions of sites located upgradient on-site, and downgradient of

Kennecott's tailings impoundment. Sampling me&ods included a combination of electrofishing,

seining, grll netting, and minnow trapping; site specific methods were depe,nde,nt upon the physical

conditions of the site being sampled.

Field surveys for macroinvertebrates were conducted by BIOIfr/EST (1993e) over an eleven-month

period to compile information on the benthic macroinvertebrates and periphyton communities

located in waters within the study area. The objectives of these studies were to determine the

types of macroinvertebrates and periphyton at selected sites and to determine their abundances.
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A total of 22 sampling sites, disfributed among 12 steams, canals, and ditches, were included in

the study (Appendix A, Figure A-l). These sample site locations are similar to those shrdied

during the fisheries suryey, and are identified in Appendix A (Fig,re A-1). Sampling methods for

macroinvertebrates and periphyton included using a Ponar sampler and a Wildco eight slide self-

righting sampler, respectively.

Results

The fish sampling program data are provided in Section 2.1.2, Fisheries, of the Environmental

Stndies grrmmary Report (SWCA, 1994). Atotal of 551 individuals, consist'.g of 10 species, were

collected. Mosquito fish were the most abundant, accounting for 49 percent of all individuals

collected. Carp comprised approximately 20 percent and were the most frequently encountered

species (i.e., captured at the greatest number of sites). Utah chub comprised approximately 16 of

all individuals collected, although it was only collected at the C-7 West Ditch. Fathead minnow

and white bass were collected in similar abundances, accounting for about 5 percent of all

individuals collected. The remaining fish, namely the Utah zucker, black bullhea4 channel catfish"

green sunfish and walleye, comprised a total of approximately 3 percent of all fish collected

(swcA, 1994).

The site with the highest number of individuals collected was on Kersey Creek (ocated upgradient

of the tailings impoundment), although the site had a low diversity as mosquito fish accounted for

94 percent of the catch. C-7 West Ditch was relatively diverse as five species were collected at

this site. Initial sampling (October l99l) determined that the conditions at four sites (Adamson

Spring, Lee Creek near Salt Lake, Spritz Creeh C-7 Ditch at Interstate-8O Crossing) were

unacceptable to maintain fish because of high iron and copper lwels, high conductivity, occasional

drawdowns, and unstable physical habitat conditions, respectively. No fish were collected at these

sites, with the exception of a single mosquito fish in the C-7 Ditch at Interstate 80.

The data of the macroinvertebrate and periphyton sampling program are included in Section

2.1.1.5, Results, and Appendix Al of the Environmental Studies Report (SWCA5 1994). Thirteen

orders and 12 families of macroinvertebrates were collected during these studies. Black fly lawa
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(Order Dipter4 Family Chironomidae) were the most frequently collected species and occurred at

all of 6s 5ampling sites. Other frequently collected tora include the Order Mollusca and other

families in the Order Diptera- The highest number of taxa collected were in C-7 Ditch after

tiPDES outfall #002 (CSCN454), Ridgeland South Drain4ge Canal (RSCN463), and the Brighton

Drain (BDCN465) (See Appendix A, Figure A-2, Macroinvertebrate Sampling Sites) [To be

provided in the DEISI. Some of the numerically dominant periphyton taxa collected include

Navicula, Nitzschia, Cyclotella, Achnanthes, Gomphonema, Chlamydomonas, Surirella, and

Anabaena.

Aquatic Habitat - Water quality characteristics within selected portions of the Kennecott property

are likely unsuitable for zupporting resident fish. Lwels of total dissolved solids recorded in the

Kennecott property are e:<pected to limit the diversity of fish and other aquatic life. Naturally

occurring salinity at some sites is expected to exceed lerrels tolerated by freshwater fish. In
general, fish abundance declined with proximity to Great Salt Lake. Higb, naturally occurring

salinity was probably the factor that precluded the survival of fuh at most downgradient sites

(BIOAI/EST, 1992).

Most water bodies are channelized and are dominated by long reaches of swiftly flowing water

with little instream cover for fish. Channel bed zubstrates are t5pically composed of surficial silt,

sand, and organic deposits. Physical habitat of sites located upgradient or adjacent to the tailings

impoundments was t5pically better than downgradient sites as water depths are better and there are

more abundant submerged stnrctures that provide cover for fish (BIOAI/EST, 1992). The

exception to this pattem was the C-7 West Ditch, which contained a low turbidity and shallow runs

interspersed with deeper pools with aquatic macrophytes and undercut banks (BIOIfrmST, 1992).

3.2.3.4 Terrestrial Wildlife

Existing environmental data were reviewed including field surveys, technical reports, scientific

literature, aerial photography, and summaries of existt.g documents; and a site visit was

conducted by three Demes & Moore biologists on October 27, 1994 for preparation of this

document. Sunreys of wildlife q/ithin the Kennecott property were conducted in late summer of
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1991 and 1992 by BIOIil/EST (1993). The areas surveyed for birds (Appendix d Figures A,3,

A-4 and A-5) [to be provided in the DEIS], mule deer observations (Appendix A, Figure ,4.-6) and

small mammal sampling (Appendix A, Figure A-7) arc shown on survey area m?ps contained in

Appendix A. The areas surveyed were: l) Southwest Section, 2) Kennecott Tailings

Tmpoundment, 3) Kennecott Tailings ImFoundment - South embankmen! 4) Kennecott Tailings

Impoundment - East embankment, 5) East Transec! 6) Disturbed Land, 7) Sdt Evaporation Ponds,

8) Sdtair Nortll and 9) Slag Management Area. SWCA also conducted an avian use survey in

the area during the spring and summer of 1993 (SWCA 1994e).

An overview of the results of the surveys conducted by BIO/V/EST (1992) and the avian use

survey (SWCA, 1994e) are presented in this section. Species lists are presented in Appendix A.

Suneys were conducted by BIOIil/EST and SWCA for birds, small and large mammals,

herpetofauna (i.e., reptiles and amphibians), and special status species. Specific methods and

survey techniques are described in Appendix A and detailed data can be found in the original

documents. Wildlife species occurring in the area axe those species associated with wetlands (i.e.,

emergent marshes, saline playas, mudflats) and upland habitats. Detailed descriptions of the

vegetation types are provided in Sections 3.2.3,1 and3.2.3.2 of this report

Birds

A total of 82 bird species was recorded in the various habitats during the wildlife field surveys

conducted by BIOIil/EST (1992). The study area is chancteiz.ed by man-made ponds, wetlands,

and is located near the Oquirrh Mountains, which are considered rich in avifauna (BIOIfrIEST,

1992). It is also located along the eastem edge of the Pacific Flyray and near the westem edge

of the Central flyway; and therefore, large numbers of migratory shore birds, ducks, and geese

occur where water and wetland habitats exist @ehle et al., 1985). An estimated three to five

million migratory ducks and 150,000 to 300,000 migrating geese use fte Salt Lake area each year

@ellrose, 1976).

Potential habitat within the north expansion area exists for numerous species of birds includirg

shorebirds, waterfowl, raptors, and upland game. Some of these are permanent or surnmer
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residents while others are migratory, occurring only during spring or fall. A study of avian use

pattems conducted in 1993 in the area showed spring (April and May) and summer (Jrme and July)

bird counts on the salins playas, uplands, the salt evaporator impoundmeng and mudflats (SWCA,

1994e). In May, over 10,000 birds representing 40 different species were recorded; an4 in July,

654 birds were observed representing 20 species. In July, much of the water had waporated and

avian activity had greatly decreased; Califomia gulls comprised ryproximately 80 to 90 perce,nt

of the total number. Colonies of nesting California gulls exist in late spring and summer on

embankments and dikes along the salt waporation ponds. Records of these guls in Great Salt

Lake exist from the mid-1800s and the colonies presently utilizing the tailings imFoundment have

existed since at least the 1960s (Hayvard et al,1976; SWCA, 1994e).

Mgrating birds, primarily shorebirds, comprise a large percent4ge of the overall bird population

using the study area @IOIfrIEST, 1992). Shorebirds occurring along the shores of Crreat Salt Lake

include lesser yellowlegs, whimbrel, marbled godrvit, sanderling, western sandpiper, and the

world's largest concentration of Wilson's phalaropes @aton eta1.,7992). Herons and egrets also

occur in the area^ Open water in the area atfiacts waterfowl (i.e., mallards, pintails, and gadrvalls)

primarily during the winter months (BIO^il/EST, 1992). Avocets and black-necked stilts occur on

the saline playa and mudflats along the southem boundaries of the waporation ponds and they are

known to nest in the area @aton et al., 1992). Invertebrates (i.e., brine shrimp) provide a food

base for waterfowl and shorebirds for feeding their young and foraging during migration

(BIO/\IIEST, 1992\.

Uptand game species which potentially occur in the vicinity and which use the wetlands for food

and cover include ring-necked pheasant (intoduced), Califomia quail (innoduced), and mouming

dove. Mou:ning dove and pheasanb were observed @IOf{IEST, 1992).

Raptor species which are likely to occur in the vicinity on a seasonal basis include bald eagle,

golden eagle, peregrine falcon, red-tailed hawk, Swainson's hawlg femrginous hawh Cooper's

hawk, sharp-shinned hawk, and northem harrier. The condition of gull carcasses formd during the

avian suwey indicate that raptors hunt within the study area and gulls may be an attractant to

raptors (SWCA, 1994e). Additional species of raptors may migrate ftrough fte rea due the close
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proximity of additional habitat types of the Wasatch Front and Oquirrh Mountains. No nesting

activities by raptors have been observed and potential nesting habitat is limited (BIO iltsST, 1992).

Ma:nmals

BIOAMEST documented the existence of 16 small mammal species during the wildlife field surveys

(1992). Mammals in the shrdy area include those associated with upland and riparian habitats

adjacent to the existing tailings impoundment. Small mammals observed during a 7992 survey

(BIOIfr/EST 1992) include deer mouse, meadow vole, harvest mouse, house mouse, masked shrew,

and vagrant shrew. Larger mammals which have the potential to occur include furbearers zuch as

red fo><, stiped skunlq mink, raccoon, and coyote. Mule deer and elk are big game species which

occur in the vicinity. Mule deer browse on the grasslands and taverse much of the areq elk

inhabit the mountains southwest of the mine and may winter on benches, but rarely, if wer, occur

in the study area Numerous roadkills of mule deer along the highway between Interstate-80 and

the impoundment have been observed by BIOWEST (1992) througbout the dwelopment of the

DEIS baseline studies.

Amphibians and Reetiles (Herptofauna)

A totd of four herptofauna species were observed during the field surveys (BIOAMEST 7992).

Reptiles have the potential to occur in the wetland and upland habitats, while amphibians are likely

to be resticted to the aquatic habitats. Surveys for herptofauna were conducted by BIOAIrEST

(1992) by setting pitfall traps and walking the area (see the original document for detailed

methodology). Major water sources, inctuding Kessler and Spitz Springs, Lee and Kersey Creeks,

C-7 Ditch, and Riter Canal were sampled. No animals were caught in the taps. One yellow-

bellied racer and four sagebrush lizards were observed in the palustine scnrb/shrub zone during

the walking survey. Due to the existence of zuitable habitat and known range of the northem

leopard frog, it also may occur in the study area- No amphibians, howwer, were observed dudng

diumal and nocturnal surveys of streams, springs, ponds, and canals. One Woodhouse's toad and

one bullmake were observed during night driving surveys.
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3.2.3.5 Special Status Species

Overview

Special status species include plant and animal species that are: currently listed by USFWS;

proposed for lisri.g; or are candidates under review for listing as threatened or endangered under

the Endangered Species Act; species considered special status or rilre by LJDWRI; and species of

sport, commercial, or aesthetic value.

federal codes are defined as follows:

. Endangered @): Any species that is in danger of extinction throughout all or a significant

portion of its range other than a species of the Class Insecta determined to constinrte a pest

whose protection under the Endangered Species Act would present an overwhelming and

overriding risk to man.

. Threatened (T): Any species that is likely to become an endangered species within fte

foreseeable future throughout all or a significant portion of its range.

. Category 1 Candidate Species (Cl): Status rwiew taxa for which the USFWS currently has on

file zubstantial information on biological vulnerability and threat(s) to support the

appropriateness of proposing to list the tara as an endangered or threatened species.

. Category 2 Candidate Species (C2): Status review tara for which information now in possession

of the USFWS indicate that proposing to list the taxa as an endangered or threatened species

is possibly appropriate but for which zubstantial data on biological vulnerability or threat(s) are

not currently known or on file to support proposed rules,

. Category 3 (C3): Tora for which the USFWS has perzuasive widence of extinction (Group

3A); taxa does not meet the Endangered Species Act's definition of a species (Cnoup 3B); or

taxa that hane proven to be more abrmdant or widespread than previously believed and/or ftose

that are not zubject to an identifiable threat (Group 3C).

State of Utah Codes are defined as follows:

. Extinct Any species that has disappeared in the world.
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. Extirpated: Any species that has disappeared, as apart-time or full-time resident, from the state

of Utah since 1800.

. Blldangered: Any species, zubspecies, or zubpopulation which is threatened wift extinction

resulting from very low to declining numbers, alteration and/or reduction of habitat, detimental

environmental changes, or any combination of the above. Continued survival is unlikely

without implementation of special measures.

. Threatened: Any species which is likely to become an endangered species within the

foreseeable funre throughout all or a significant portion of i8 range.

. Se,nsitive: Any species which, although st'rll occuning in numbers adequate for survival, has

been greatly depleted or occurring in limited areas and/or numbers due to a resticted or

specielized habitat. A management proglam is needed, including protection or habitat

manipulation.

Special Status Plant Species

The USFWS has indicated that no known existence of threatened, endangere4 and sensitive plant

species occur in the general locale of the Proposed Action.

However, the USFWS indicated that habitat zuitable for the Ute ladies' tresses (Spiranthes

diluvialis), which is a federally-listed threatened plant species, could possibly exist in the general

locale of the study area Ute ladies' tresses occurs in seasonally moist soils and wet meadows near

springs, lakes, or perennial steams and their associated flood plains below 6,500 feet elevation in

Colorado, Utah, and Nevada Typical sites include old steam channel and alluvial terraces,

subirrigated meadows, and other sites where the soil is saturated within 18 inches of surface at

least temporarily during the spring or $,unmer growing seasons (USFWS, 1992).

In Utah, populations are known only from Daggetq UintA Duchesne, Wa1me, and Garfield

Counties. The species has been historically reported along the Wasatch Front in the Jordan River

drainage, Satt Lake County, where it was last collected in 1953. Rece,lrt surveys have failed to

confirm historic populations of fte species and all known historic populations of this species along

the Wasatch Front and the eastem Great Basin Regron of Utah are presumed to be extirpated
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(USFWS, 1990). While there is not conclusive evidence, this plant has never been observed to

grow in areas with salt-crusted surfaces. Based on these premises, habitat in the majority of the

study area 4ppeaxs to be unsuitable due to the level of disturbance and salinity. Suweys for this

orchid were conducted by SWCA, concurrent with wetland survey and inventory in the study area

between 12 September and 24 October l99l and during field investigations conducted from 1990

to 1992, but no specimens were located (SWCA, 1993).

Special Status Wildlife Species

Birds

American Peregrine Falcon (Falco peregrinus ananm). Federal Endangered

Historically, peregrine falcon nests have been almost exclusively found on open ledges within

rocky cliff faces (Skaggs et al., 1986). Such cliffs are associated with deep gorges and riparian

habitats which provide the necessary prey base for peregrines. Peregrine falcons have also been

found nesting on ledges of tall buildings in urban areas feeding on rock doves. Peregrines do not

make their own nests beyond a shallow scrape in some cases. Loss of habitat for peregrines md

their prey base, including wetlands and riparian a^reas, and the historical use of pesticides have

contibuted to the decline of peregrine falcon populations. Recently, populations have been

reestablished in some are.ls as a result of recovery plans and reintroduction programs (Skaggs et

al., 1986).

In the Salt Lake are4 peregrine falcons appear to be recovering, and possibly exceeding historical

numbers and distibution (SWCA, 1993). They are found in the area from spring rmtil fall.

Remains from eyries in the Wasatch Range, east of the study are4 indicated that those birds

fraveled to Great Sdt Lake to hunt water birds inhabiting the marshes (Porter and White, 1973 in

Skaggs et al., 1986). IJDWR has reintroduced peregrines in the 
"icinity 

of Salt Lake City,

providing hack towers, which are manmade stmctures where prey is placed for raptors that hare

been hatched in captivity until the birds are able to hunt in the wild. Use of these hack towers has

been zuccessful in establishing peregrines in the area and peregrines also have nested zuccessfully
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in downtown Salt Lake City. Peregrine falcons, one adult and one juvenile, were seen foraging

wit' in or flying over the study area- No suitable nest sites are known to exist (BIOAI/EST, tgg?,\.

BaId Eagle (Haliaeens leucocephalus). Federal Errdangered

Bald eagles nest in riparian, low-elevation forests. Some populations are migratory and wintering,

and others winter throughout the west and southwest where appropriate habitat exists. Wintering

bald eagles inhabit areas with roost sites and readily available fish and waterfowl. The decline in

bald eagle populations has been attributed to many factors including loss of habiat, human

encroachme,nt and the use of pesticides (Johnsgar4 1990; Tenes, l98O). Efforts to protect fte
eagle have resulted in increasing populations and the reestablishment of eagles in many of their

historic locations, however, loss of habitat is still a major threat to the survival of the bald eagle

(AOU, 1983; Johnsear4 1990).

There are only two known bald eagle nest sites in the State of Utah, both in mafiue, riparian

woodlands along the Colorado River (UDVI& D93). Migratory and winter resident bald eagles

occur throughout the state. They occupy higher elevations in the fall, and as open water freeres,

they move to the foothills to feed on small mammals and carrion. There are no known roost sites

in the study area and no eagles were observed during field surveys conducted by BIOIil/EST

(1992). There is a limited fisheries resource in some of the creeks and canals which traverse the

area (described in the fisheries section) which may attract foraging bald eagles during the winter

(swcA, 1993).

Whooping Crane (Grus americana). Federal Endangered

Whooping cranes are wading birds associated with aquatic and wetland habitats. They are sunmer

residents of Grays Lake National Wildlife Refuge in southern Idaho. The migration corridor

between surnmer and winter ranges is not known and whooping cranes have nwer been reported

in the study area (BIO/U/EST, 1992). Mgrant cranes from Grays Lake most likely fly directty to

the Green River, east of the study are4 and then fly south to wintering grounds along the Rio

Grande in New Mexico (BIOfII/EST, 1992; USFWS, 1987).
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Arctic Peregrine Falcon (Falco pergrinus undrius). Federal Threatened (Proposed for delisting)

Historically, arctic peregrine falcons occured in Great Salt Lake area (Jobnsgard" 1990). Today

they breed in northem Canada and migrate to South America in the winter (Johnsgard 1990).

Their habitats are similar to those described for the American peregrine falcon. They may occur

as migrants in the shrdy are4 although none have been observed during surveys conducted for this

project (BIOAItsST, 1992; SWCA, 1994e).

'Westem 
Snowy Plover (Charadrius alexandrinus nivosus). Federal Candidate C2

The interior population of western snowy plover occurs in Califomi4 Oregon, Nwad4 and Utall
inslgding a few records from Arizona- It is an uncommon bird and its numbers are declining due

to the degradation of zuitable habitat and destnrction of nest sites on beaches due to developme,lrt

and recreation (Erlich et al., 1992), nest predation by birds and mammals, adverse weather

conditions, and encroachment of vegetation on breeding sites (SWC A, 1993). There have been

several surveys conducted and reports written about the nesting habits of the westem snowy plover

at Great Salt Lake (BIOAIIEST, 7992; Paton and Edwards, 1990; Paton et al., 7992; SWCA,

1994e).

Snowy plovers spend most of their time in open arqts nqlr water, preferring sandy beaches and

mudflats. They feed on aquatic and shore invertebrates, lnsluding brine flies, brine shrimp, and

beetle lawae. They probe the mud for beetle larvae and catch flies in their bills (SWCA, 1993).

Snowy plovers are common nesters along the shores of Great Salt Lake and adjacent areas. Nests

are simple stnrctures generally set in shallow depressions on alkaline flats with little to no

vegetation. Nests have also been located on zubstrate of brine fly pupal onrviae, in contast to the

hard alkaline surfaces normally used (Paton and Edrvards, 1990). Several nests may be clumped

together @aton and Edrvards, 1990). Nests are often found near plants on the ground which

apparently disguises the nest and reduces the risk of predation. Snowy plovers are evidently easily

adaptable to chang.g circumstances due to the location of nests on fluctuating shorelines. It also

has been suggested that snowy plovers may be fairly tolerant of human activities near their nests

(swcA lee3).
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Population estimates of snowy plover indicate a decline in numbers in the United States in the

1980s, but no significant decline for the species in Utah (Page et al., 1991 in SWCA 1993\. It

is considered an uncommon to common swnmer resident in northem Utah and a transient

throughout much of the state (Paton and Edrvards, 1992; Hayward et al., 1985). They migrate

south in the winter, presumably to Mexico. Nestrng occrus primarily in May and Jrme and is

known to occur on the alkali playa between the Goggin Drain and Lee Creek outside the northem

o<.pansisn area@aton etal,1992). Fieldsurveys conducted n1992 byBIOAI/EST documented

snowy plovers in Saltair Resort North and within the Salt Evaporation Ponds. Thirteen individuals

and one nest were observed on the northenrmost berm of the waporation ponds east of the

Abandoned Morton Salt Company $uildings (BIO ilmsT, 1992). Nest sites which were active in

1992 were not'used during the 1993 nesting season due to the encroachment of smotherweed

(Bassia hypsrftlia), an exotic species (Field Meeting Notes, 1993). Suitable habitat is most likely

to exist at the salt impoundments due the absence of vegetation and the unlikely development of

vegetation in the future (SWCA, 1993).

Loggerhead Shrike (Lanius ludovicianus). Federal Candidate C2

The loggerhead shrike was designated a candidate species becarse of declining population trends,

particularly in the eastem and southeastem United States. They are residents throughout the

southern half of the United States extending their range north into Canada during the summer

months (Scott, 1987). They hunt in open, bnrshy areas, and feed on insects and lizards. Their diet

may also include rodents or small birds and carion @hrlich et al., 1992). There is some

disagreement among biologists as to the cause of decline, but e:iposure to pesticides amd habitat

loss are thought by some to be important contibuting factors (Ehrlich et al., 1992).

Two loggerhead shrikes were observed at the Kennecott site during the field surveys. Although

no nests were observed during the suweys, zuitable nesting habitat (e.g., shrub commuities) is

present in the shrdy area (BIONIEST, 1992).

Femrginous Hawk (Buteo regalis). Federal Candidate C2

trs
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Femrginous hawks are large raptors that occupy plain and prairie habitats (Johnsgard, 1990).

These birds are often seen from roadrrays as they perch on places offering wide views (i.e.,

telephone and electicd transmission poles) which has confributed to a reduction in numbers due

to illegal shooting @hrlich et a1.,7992). They may nest in tall conifers or build platforms on cliffs

or banks (Terres, 1980; Ehrlich et a1., 1992). They uzually hunt from a percb" but may use a low

cruise to locate prey (Terres, 1980). Johnsgard (1990) cites studies which list favorite prey items

as jackrabbits, ground squirrels, pocket gophers, and kangaroo rats. Mthin each study the order

varies, but all agree that some combination of small mammals comprise 80 to 90+ per cent of this

hawk's diet. There are indications that brood sizes vary with the size of local jackrabbit

populations, one of their prefened prey items.

Femrginous hawks are swnmer residents in Utah, rarely occuning during the winter months @ehle

and Perry, 1975; Halnarard et aI., 7976). No femrginous hawks were observed in the sfirdy area

during the field surveys. Habitat is not high quality and, based on the small numbers of mammals

present during the mammal suweys, the prey base is limited.

White-faced Ibis (Pkgadis chihi). Federal Candidate C2

This long-legged wader lives in fresh marshes and near irrigated land @eterson, 1990). It is a

colonial nester, in emergent vegetation, often occurring in mixed colonies with herons and egrets

(Ryset, 1985). They use their bill to probe the mud for a variety of prey including crayfish"

earthworms, insects, mollusks, and amphibians. Nesting success varies geatly from year to year.

A colony may decrease in size or disappear entirely, while nearby, ne\ry or inactive colonies can

become active @yser, 1985). Pesticides appear to be the major cause of decline for this species

(Terres, 1980).

White-faced ibis occur throughout much of the westem United States south to Argentina wherever

suitable habitat exists. They were once more common in the Great Basin. The Bear River Refuge

in northem Utah supported over 5000 bids, while more recent counts have been less than 1000

(Ryser, 1985). However, there are probably more white-faced ibis nesting in the marshes of Great

Salt Lake than anyvhere else in the world (Paton et al., 1992). They are cornmon summer
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I I residents, often seen in flocks feeding in the marshes and the 4gricultural fields on the east shore

- 2 of the lake.

I
r 3 Norlhem Goshawk (Accipiter genfilis) Federal Candidate C2

I
,, 4 Northem goshawks are pemunent residents of much of the westem United States and Canada

I 5 inhabiting conifer-dominated mixed woodlands. Althougb tree species viry, these woodlands

I 6 ge,nerally have a relatively high percent canopy cover. Understory cover md tree size is also

I 7 highly variable. Nest,ng usually occurs in late zuccessional or mature forest types and nests are

I 8 often located in large trees on north to east aspects of flat to moderately sloped lands. Goshawks

I g feed on medium-sized birds and mammals which it captues on the gounq in trees, or in the air

I l0 (Reynolds et al. 1991). Home ranges for goshawks are estimated to be 6000 acres and consist of

I ll three majsl components: anest r;e\ apost-fledgling family are4 and aforaging area @eSmolds

,- 12 et d. l99l).

t
f 13 Although a common year round resident in Utab Northem goshawks are unlikely to occur in the

I U study area due to lack of zuitable habitat. Occasionally local breeding populatiorrs within

,r 15 mountains drift into the adjacent valleys in the winter @yser 1985).

I
- 16 Black Tem (Chlidonas niger\ Federal Candidate C2

I
,, 17 This bird nests in wet meadows, sloughs, and fresh-water marshes, and feeds on insects md aquatic

I 18 invertebrates like crayfish and mollusks. These gregarious tems often retum to breed in the colony

I 19 where they were bom @hrlich et al. 1992'). They are jeopardized primarily by degradation and

I 20 loss of wetlands, and possibly by exposure to agricultural chemicals (Ehrlich et al. 1992\. Their

., 2l breeding grormds are in the northem United States and Canada @eterson 1990). Black terns are

I 22 common summer residents of Utah and breeding colonies occur in wetlands adjacent to lakes in

- 23 northem Utalu including Utah, Pelican and Great Salt Lake (Hayrvard et al 1976).

I
24 Westem Least Bittem (Ixobrychus exilus hesperis) Federal Candidate C2

t
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Westem least bittems live in marshy rlreas, usually nesting over or near fresh water in emergent

vegetation. The species' diet varies, hgluding fish, invertebrates, amphibians, small mammals, and

possibly the eggs and young of blackbirds, which also nest in marshes where it is found @hrlich

et al. 1992). It has been Blue-listed (the National Audubon Society's zupplemental list designed

to provide early waming of population size or range decreases) since 1979 as a result of marsh

destnrction by draining and filling @hrlich et al. 1992).

These bittems inhabit wetland habitats sporadically across the State of Utah and were known, at

least formerly, to nest in marshes around Great Salt Lake. This species is relatively secretive and

may be more common than known.

Long-billed Curlew (Numenius americanus) Federal Candidate 3C

Long-billed curlews are neotropical migrants which inhabit meadows, pasfitres, and wetlands

occurring on beaches and mudflats during winter and migration. They tend to live and breed in

higher and drier meadowlands thm do many shorebirds (tlaryvard et al1976). Their winter range

extends across the southemmost portion of the United States south into Mexico and Central

America Slssding areas exist from southwestem and south-central Canada south to Califomia

Nevad4 Utah, and Colorado (AOU 1983). The range of this species has decreased due to human

disturbance and loss of habitat.

Long-billed curlews nest in upland meadows and rangelands of norfrem and central Utah valleys

and forage in moist meadow wetland and upland habitats (tlalmrard et d 1976). Alftough fairly

common srunmer residents and migrants in Utab especially through the central and northern

valleys, they are rare summer residents ar Great Salt Lake @aton et aI 1992). Three individuat

curlews were obsewed at the upland habitat station in April during the avian use survey conducted

in 1993 by SWCA (l99ae).
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Mammals

Pygmy nabbit (Brachylagus idahoensis) Federal Candidate C2

This minislurs rabbit, measuring less than one foot in length, is found almost exclusively in the

Crreat Basin and surrounding areas (Zeveloff and Collett 1988). It most frequently occurs on plains

ranging from 4,500 to 7,000 feet in elevation which srs dsminsfsd by sagebnrsh and within brushy

associations on alluvial soils. The pygmy rabbit digs and uses and extensive burow system with

many small entrances located at the base of sagebrush. It feeds primarily on sagebrush and

grasses. Frincipal predators of this species include coyote, red fo:<, owls, and northem harrier.

Uplands supporting grassland communities which include rabbitbrush, sagebrush" shadscale, and

cheatgtass are limited to the northeast comer of the tailings pond. Potential for occurrence of the

pyp.y rabbit is very low to non-existent because ftis rabbit generally requires habitat which is

characterized by denser shrubs than those in the shrdy area-

Preble's Shrew (Sorex preblei) Federal Candidate C2

Preble's shrew is one of the smallest westem shrews and [ttle is known about its natural history

(Zweloff and Collett 1938). It is thought to occur throughout much of Montan4 central ldaho,

eastem Oregon, and surrounding areas in semiarid to arid habitats. More recent records exist from

Timpie Springs, along the southem border of Great Sdt Lake, inhabiting marshy areas, zuch as

creeks and bogs bordered by willows and other bnrshy plants and wetter areas at higher elwation

open conifer tree stands. There is low potential for occurences of Preble's shrew in the vicinity

of the proposed expansion.

Spotted Bat (Euderma maculatum) Federal Candidate C2

The spotted bat is known from cental Canada to the westem and southwestem United States, and

into northeastem Mexico (Hill and Smith 1934). A rare ba! there are few records from any part

of its range (Whitaker 1980). Very little is known about the habitat requireme,nts and basic
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biology of this species. An average-sized spotted bat with an overall body length of 2'712 inches

may almost double its length with trvo-inch ears, which it carries forward during flight. The

spotted bat is probably wholly insectivorous, catching insects on the wing or picking them from

leaves and other vegetation (Hill and Smith 1984). Moths are thought to be their primary food

source. They may also take prey from the ground, including grasshoppers and June bugs (Noel

and Johnson 1993).

Spotted bats appear to be relatively solitary, although they sometimes hibemate in small clusters.

They may use caves or mines as hibemacula (Findley et d. 1975). For roosting, they appear to

be most at home in remote rock crwices high on limestone or sandstone cliffs (Easterla 1973)-

They emerge late in the evening and have a loud, high-pitched call. Females give birth in early

to mid-June.

The spotted bat is associated with a wide variety of habitats throughout its geographic range,

including open ponderosa pine, desert scrub, pinyon-juniper woodlands, and open pastures (Findley

et at. 1975; Burt and Grossenheider 1976). They are most common in dry, rough desertscrub

(Watkins 1977). It is rmclear what the preferred habitat of this species is, although many specimen

locations are near riparian areas. Factors limiting the distibution and abundance of this species

may be availability of suitable roost sites or prey items (Spicer l99l). As with other bat species,

the spotted bat may be subject to disturbances at roosts, especially matemity roosts.

Repdles/Amphibians

Spotted Frog (Rana prefiosa) Federal Candidate C2 (Wasatch population is a Cl)

The spotted frog is a highly aquatic species found neal cool, usually permane'lrt water sources

particularly during hseding (Stebbins 1985). It is generally associated with calm water in a

variety of habitat types from higher elevation zubalpine and mixed conifer forests to grassland and

brushland of rabbitbrush and sagebrush. It ranges throughout zuitable habitat in the west-ce,ntral

and northwestem United States, including southeast Alaska- Habitat loss, competition with other
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frogs, and environmental contaminans may be adversely affecting this species (Federal Register

lee3).

Sweral disjunct populations have been identified which are effectively isolated from one another

by geographic and ecological barriers. The two populations in Utah inhabit shallow spring or

creek fed marshes and seeps along the Wasatch front and in the West Desert. These populations

are considered to be at greater risk than the main population found in the northwest. No spotted

frogs were observed during biological surveys conducted by BIOAMEST (1992) although they may

occur in the proposed expansion area-

Fish

Least Chub (Iotichthys phelgethonfis). Federal Candidate C2

Based on distibutions of fishes in the Great Basin, no threatened or endangered fish species were

anticipated to occur in the study area- However, the study area probably coincides with the historic

renge of the least chub (Iotichthys phelgethonns) (Cris! 1990), a Category I candidate species for

federal listing. The least chub is also listed as an endangered species by the Utah Division of

Wildlife Resources (LJDW& 7992). No least chub, or any other state or federal species of

concern, were collected within the vicinity of the Kennecott mins. This species historically

occupied avariety of habitats in the Great Basin, fulsluding clear water steams, springs, ponds, and

swamps (Crisq 1990). Poor water quality and the presence of exotic fish would likely preclude

the existence of this species in the study area (BioMest 1992).

3.2.4 Environmental Consequences

3.2.4.1Overview

Tmpacts to biological resources could be caused by constnrction, operation, and maintenance of the

tailings imFoundment. This section o4plains the methods used and the results of the impact

assessment. This process includes assessing potential impacts to biological resources by comparing
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the proposed activities with the existing conditions within the altemative study are6. Once these

impacts were identified, measures that would reduce the level sf imFacts were waluated. The

primary issues of the biological resources investigation is the potential for long term effects

including: 1) loss or degradation of wetlands and 2) the loss or degradation of habitas for special

stahrs species.

3.2.4.2 Methods

The process used for impact assessment is complol but systematic. Generally, qualitative and

Erantitative variables of a resource and the lwel of proposed disturbmce are identified and

combined to determine the level of potential impact (e.g., high, moderate, or low). Once levels

sf impacts were defined within the altematives, specific measures were assigned to avoid or reduce

impacts.

Impact Twes

After the biological resoruces inventory was compiled and malyrnd, the description of the

proposed project activities was reviewed to determine the types of impacts that may occur.

Potential impacts can be long-or short-term and direct or indirect. Impact tlpes were generally

categorized as ground disturbance associated with constnrction activities and long-term loss of

habitat. Impact b?es are:

. Direct loss or alteration of habitat for plants and wildlife resulting from the impoundment of

tailings materials.

. Direct mortality of wildtife resulting from earth-moving activities and increased vehicular

fiaffic. This includes small, bunowing mammal5, reptiles, amphibians, and grormd-nesting

birds.

. Temporary disturbance or displacement of some wildlife species.

. Qfuanges in habitat conditions adjacent to, but not directly affected by a project action (e.g.,

changes in water quality downstream of a constnrction site).

l6
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r I Imoact Levels

I Z Three levels ef imFacts were identified in the assessment: high, moderate, and low. A high

I 3 impact results when the proposed project action is expected to result in a zubstantial or significant

I 4 change to the resource and requires mitigation. A moderxls impact results when the proposed

I 5 p-ject action is expected to cause some adverse gfiange that may be substantial and selective

I 6 mitigation may be warranted. A low impact resuls when the proposed project action would result

I 7 in a stight or insignfficant adverse change to the resource.

I
I 8 Habitats for special status species were assigned a sensitivity lervel based on the following factors:

t 9 1) legal status of the species, 2) distibution of the species and its potential for occurre,rce in the

I l0 area" and 3) amount of habitat within the study area relative to the total extent of habitat.

t
- ll SienificanceCriteriar
I

I 12 Impacts to wetlands are considered to be significant if:

t 13 . Qfuanges in wetland acreage occur.

11 14 . Changes in wetland function occur.

I

I 15 Secondary impacts that affect areas of adjacent wetlands, suc,h as sedimentation from soil

I 16 excavation, soil erosion or other constnrction activities, are also considered in accordance with

r 17 Section 404 (bxl) guidelines of the Clean Water Act'

I

I 18 Tmpacts to vegetation are considered to be significant if:

I 19 . Communities or areas of vegetation that are functionally important to the ecosystem are lost

r 20 for the duration of the project.

t
I 21 TmFacts to aquatic biota are considered to be significant if:

I ZZ . Aquatic biota communities that are functionally important to the ecosystem are lost for the

r 23 duration of the project.

I

I
I
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I I Impact to wildlife are considered to be significant if:

I 2 . A substantial change would occur to wildlife populations or their habitat in the sttrdy area

I 3 relative to the populations in the vicinity.

., 4 . Important food sources (e.g., prey species, vegetation) for wildlife populations would be

I 5 adversely affected by the project relative to the existi.g food sources in the vicinity.

I g o Species would be distubed during critical marntenance periods (i.e., breeding, nesting, fauming)

I 7 or if the habitae of such areas were disturbed.

I g o The project created a barrier to, or otherwise altered, wildlife and avian moveme,nt pattems in

I 9 such a way or to zuch an extent as to res:ult in detimentaleffects to the population or which

- l0 results in the elimination of access to an important component of a species habiar (e.g., water

I l1 source).

I
I 12 Tmpacts to threatened" endangered, and sensitive species are considered to be significant if:

r 13 . The project would adversely affect the continued existence of a T&E species or iB designated

l| 14 critical habitat.

I 15 . Habitat occupied by the species would be directly or indirectly altered by the project.

t 16 . Important food resources (e.g., prey species, vegetation) for the species would be affected by

r 17 the project.

I
- l8 3.2.4.3 Wetlands

I
- 19 Impacts

I
- 20 No Federal Action

I
., Zl The No Federal Action Alternative would not impact additional wetland acres beyond the existing

I ZZ impoundment and is not e4rected to cause additional impacts to wetlands.

I
I
I
I
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North Expansion West

Impacts to wetlands for the North E><pansion West altemative include: impoundment of wetlands

with tailings materials; alterations of surface water, and other land distubance activities for project

support such as road constnrction. These impacts can be either long-tem, as with the

impoundment by tailings materials, or short-term, as with land distrubances that would be

reclaimed. The extent of these impacts vary with each of the altematives and are considered to

be site specific. The acreage of wetland 6pes identified by SWCA (1994) that would be

impounded by tailings expansion of the various dtematives are indicated on Table 3-1 and Figures

3-2,3-3, and 3-4.

Specifically this alternative would impact saline playas, wetlands, the gull colony impoundment,

ope,n water, and overflow basins (Table 3-Z). The most significant wetlands impacted by this

altemative exist along the C-7 Ditch. The wetland vegetation in this area consists of emergent

meadows/marshes and riparian scrub-shrub. A totd of 226 acres of these wetlands would be

impacted. This area also contains nilrow open water areas that border the Union Pacific railroad

tacks. Land to the west of the salt impoundment consists of a tiangutar-shaped section of land

that contains primarily saline playas. Grll colony impoundments occur in ce,lrter and westem

portions of the salt impoundments. This alternative would also impact additional areas located

southwest of the C-7 West Ditch; this area conains wetland and open water areas that border the

railroad as well as saline playas, shallow ponds, and overflow basins.

The covering of the wetlands along the C-7 Ditch and railroad tracks are considered to be a high

impact due to the floristic diversity (i.e., emergent meadows and riparian scrub-shnrb) and

stnrctr:ral diversity relative to the srrrsunding area The covering of fte tiangglar-shaped land

containing the saline playas is considered to be a low impact due to the low floristic and stnrchral

diversity of this vegetation t1pe. The covering of the gull colony impormdment is considered to

be a low impact as these areas are discretionary wetlands and because the large area of similar

habitat for gulls that exists in the vicinity of the study area- The covering of the overflow basin

is also considered to be a low impact as the vegetation of these sites resembles the vegetation of

the saline playas.
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I I All impacts to jurisdictional waters and wetlands are considered to be significant because of

I 2 various govemmental regulations, including Section 404 of the Clean Water Act that aim to

I 3 minimize national wetland losses.

I 4 TABLE 3-1
5 Jurisdictional Area that would be Affected by the North Expansion West Alternative

I
l;
l8

9

rl?
t2

I i:^
l5lil

118

Seline
Playas

Wetlands SaIt
Ponds

fJ$en
Tfafcr

fJverllow
Basins

Jurislicatimal
Iands Tofatr

Nor
fiuisdi€tional

TofiaI

North
Expansion

West

420.3 170.0 299.t t7.4 77.56 984.3 3466.6

Ilesuiption Jurisdidionel Area
Area {acres)

Affected
dast C-7 Ditch Reroute /ru.5( wl.4
west c-7 Lrltch Reroute 28.v, 6r.69
(ennecott Railroad and Buffer Corridor (West) z.u'3

JP&L Corridor and Visual Buffer t2.41 rts.34
UPRR Relocation o:2.'z 145.74

foe Ditch and Access Road JU.4] t52.23

Iailings Impoundment and Embankment 746.21 3843.39

iedimentation Pond 5.3: 29.6r
{.ll Project Components 984.3( 4,457.43

I 19 s.2.4.4 Vegetation

I 20 Impacts

| 
2l No Federal Action

I 
22 This altemative would not impact any additional acres beyond the existing impoundment and is

23 not expected to cause additional impacts to vegetation.

I
I
I 34s

I
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North Expansion West

Potential impacts to vegetation include: imFoundment of vegetation with tailings materials,

alterations of surface water, and other land disturbance activities for project zupport zuch as

road constmction. These impacts can be either long-term, as wifr the impoundment by tailings

materials, or short-term, as with land disturbances that would be reclaimed.

This alternative would impact approximately 226 acres of vegetated wetlands and 3,090 acres

of upland/made-land areas. This altemative would primarily impact the salt impoundment area,

which are prwiously-disnrbed lands in the upland/made-land category. The salt impoundment

areas contains sparse vegetative cover due to fts standing water and the orfiemely high saline

conditions that exist in these areas. Wetland vegetation that will be impacted occtus as a

rurrow border of riparian scnrb-shrub vegetation along the C-7 Ditch and is between the

existing tailings imFoundment and the salt impoundment. Land to the west of the salt

impoundment consists of a triangular-shaped section of land that contains primarily salins

playas with small ridges of higher areas with alkali scrub.

The covering of the salt impoundment with tailings materials is considered to be a low impact

due to the relative absence of vegetation in this areas. The covering of the land to the east of

the salt impoundment and along the C-7 Ditch is considered to be a high impact due to its

floristically diversity (i.e., wetlands, scrublands, grasslands) and stnrctural diversity relative to

the surrounding area- The covering of the timgular-shaped land to the west of the salt

impoundment is considered to a moderate impact due to the prese,nce of vegetation that is not

floristically or stnrcturally diverse.

Additional land covered by this altemative, which is not rmpacted by other altematives,

includes an area located to the west of the existing tailings impoundments. The mafority of this

area contains upland/made-land in the form of phosphogypsum tailings, which is not vegetated.

Other land in this area consists of a mixture of disturbed areas, grasslands, saline playas,

overflow basins, and some open water. The covering of this area of land is considered to be a

I
I
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I
I
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I
I I low impact due to the absence of vegetation in much of the area and the presence of vegetation

I 2 in other areas that is not stnrcturally or floristically diverse.

I

I 3 Although the imFacts to vegetation from this altemative are rated as high for some areas of

|l 4 land, overall these impacts are not considered to be significant as they will be mitigated

I 
5 through replacement at the mitigation site and through revegetation on areas of fte tailings

r 6 impoundment within the life of the project.

r 7 3.2.4.5 Aquatic Biota

I 8 Habitat for aqtratic biota primarily includes 133 acres of open water (or I percent of the shrdy

r 9 area). These areas are typically located in ditches and canals as well as topographically low-

I l0 lying areas, such as closed basins, that perennially pond surface and/or ground water discharge.

r I I Imoacts

I
I 12 No Federal Action

I 13 This alternative would not impact any additional acres beyond the existing impoundment and is

r 14 not oipected to cause additional impacts to aqtratic biota

I

I 15 North Expansion West

I

I 16 Potential impacts to aquatic biota for the North Expansion West altemative include:

l| n impoundment of open water areas with lailings materials; dewatering of streams and canals and

I 18 other alterations of surface water; channelization and other surface-disturbing activities; water

I 19 quatity degradation (e.g., increased sedimentation) resulting from constnrction activities. These

I ZO impacts can be either long-ternq as with the impoundment by tailings materials, or short-term,

t Zl as with sedimentation impacts. The extent of these impacts vary with each of the alternatives

r 22 and are considered to be site specific.

I

I
I
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The North E>rpansion West altemative would impound the C-7 Ditch, which is oriented along

the tength of the north side of existing impoundment, with tailings materials. Water n C-7

Ditch would be diverted around the perimeter of the new tailings impormdment and then into

Lee Creek. fisfi semFling indicated that C-7 Ditch primarily contains carp; one walleye was

also collected in fte ditch.

This altemative would impact 63 acres of open water areas. This would include the

imFoundment of the C-7 Ditch. This altemative would also include the impoundment of

approximately 2 miles of the C-7 West Ditch. Additional areas of open water which would be

impounded include ponds that exist to the west of the existing impoudment along Interstate 80

and the small, narrow ponds that parallel the Union Pacific Railroad tacks along the C-7 Ditch.

Although not categorized as areas of open water, a series of overflow basins occur in the area

that would be impounded by this altemative. While ssnlaining water, these overflow basins are

not considered to contain significant aquatic populations as they only contain water seasonally.

Effects to the aquatic biota in the C-7 Ditch would be a high inpact as the entire ditch,

approximately 5 mils5, would no longer exist and the fisb, macroinvertebrates, and periphyton

populations are e:eected to be lost for the life of the project. Effects to the C-7 West Ditch are

considered to be a high rmpact due to the length that would be impacte4 and because of the

relatively high species diversity of the fish populations that exist in this ditch. C-7 West Ditch

had the highest species diversity (5 species) within the shrdy area and was the only

canaL/stream in the study area which contained the Utah chub. Furthermore, both walleye and

white bass were collected at this site. Both of these species axe more se,lrsitive to poor habitat

quality than other species sampled within the study area @IOAil/EST, 1992).

Effects to other ope,n water areas affected by this alternative are considered to be a low impact

because of the highly saline conditions of these shallow ponds. Howwer, specific data

regarding the aquatic populations in these ponds are not known as these ponds were not

sampled for fisb, macroinvertebrates, or periphyton. No changes in water +ratity are o<pected

with this altemative.
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I
I I The North E:ipansion West altemative would impact acres of open water. Although ftis

I 2 altemative would result in a high lwel of imFacts to the aquatic biot4 namely the C-7 Ditch

I 3 and C-7 West Ditch, overall fts impacts are not considered to be significant because the

11 4 basically depauperate aquatic sy$em *irh tT high saline conditions is not a functionally

I 5 complex ecosystem in relation to other areas of the region.

r 6 3.2,4.6 Terrestrial Wildlife

r 7 Imoacts

I

r 8 No Federal Action

[ 9 Under this altemative, Kennecott would continue current tailings storage operations, raising the

r l0 existing impoundment.

I
,a I I No direct, immediate impacts would occur to wildlife or potential habitat for shorebirds in the

I n area- Howwer, continued use of the existing lailings impoundme,nt could result in ir failure

I 
13 causing significant adverse impacts to surrounding habitats, as well as destoying existing

t 14 resources (i.e., individual animals).

I
! 15 North Expansion West

I

I 16 E>pansion of the existing tailings impoundment would impact wetlands md other waters of the

I 17 U.S. to some extent. These wetlands provide imFortant habitat for numerous wildlife species,

I 18 including shorebirds, waterfowl, small manrmals, and amphibians. There are upland and made-

f 19 land areas (man-made), characteriz.ed by grasses traversed by channels zupporting tamarisk and

I 20 Russian olive, which provide pote,lrtial habitat for small and large mammals and herptofauna

I 
2l Mule deer have been sighted in the eastem portion. Loss of these areas as potential habitat

I 22 would be negligible for most wildlife species. The eastern portion of the eryanded

r 23 imFoundment area is characterized primarily by saline playas which provide habitat for

I 24 shorebirds.

I
I
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several species of small, mammals occur and would lose some habitat, particularly
in the grasslands. Due to the low occrurence of these species and the presence of additional
habitat in the are4 this loss would be negligible. There may be direct mortality of small
mammals as a result of encounters with constnrction equipment while the berm is being built
and during constnrction of roads and other project support facilities, relocating the Union
Pacific Railroad and utilities.

Big game marnmals in the area are mule deer and elk, which grazn nthe grassy areas adjacent
to the exist'ng facilities and in the mountains. The quantity of foraging habitat lost to mule
deer would be minimal and over a short period of time (i.e., by 2005), rwegetation of the
existttg impoundment would provide additional habiat. The currently high number of road
kills (mule deer) along Route 202 md,Interstate 80 may be increased during the constnrction
period and during the relocation of roads, ut'rlities and the Union pacific Railroad. The
proposed e>pansion may restict movement across I-80, increasing the number of deer crossing
the highway south of the study area near the interchange. Future restoration work on the
slopes of the tailings pond will increase the habiat for mule deer, and encourage greatpt

movement to and from the Oquirrhs. Vehicle/deer collisions in the are4 particularly during
constuction and relocation of utilities, can be decreased by improved highway lighting, signs
along the road" reduced speed limits, and deer fencing. Elk are untikely to be adversely

effected since their habitat is generally southwest of the proposed opansion.

Herptofauna is limited in the area- Potential habitat will be destoyed as wetlands and some of
the streams and ditches are lost. There may an increased loss of individuals during

constnrction of the berm and relocation of roads, utilities, and the Union pacific Railroad.

These losses would probably not be significant.

The wetlands provide habitat for numerous shorebirds and waterfowl which occur in the area as

permanent residents or migratory species. The altematives for the proposed opansion will
result in the loss of habitat for such species. The most common species is the Califomia guil
for which breeding colonies exist within the area proposed for all the altematives. This seabird
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is very common and although, local loss of habitat and displacement will occur, impacts to the

species would be minimal.

Sweral species of raptors are known to hrmt in the area for the proposed northem e>pansion.

There would be a minimal loss of prey base as a result of constnrction of the altematives. No
nest sites or suitable nesting habitat exists in the area proposed for the eryansion, so losses of
nests and/or potential nesting habitat would not occur. Revegetation prograrns that establish

large areas of grasses on the tailings impoundment could benefit some raptor species by
providing a small mammsl prey base.

North Expansion West

This altemative would continue to use the existing impoundment unt'rl capacity is reached and

then expand to the north and northwest of and adjacent to the existing impormdment. The

proposed opansion would affect 4,457.43 acres, of which 984.3 acres are classified as

jurisdictional waters, and are considered to be important wildlife habitats. In addition to the

salt evaporatol impoundments, this altemative would also ut'rlize the area occupied by fte
former fertilizer production facility, northwest of the exist ng inpoundment.

No significant impacts to general wildlife species would result from the constnrction of the

North Expansion West altemative. This altemative would result in the loss of approximately

294 acres of the impoundment colonized by Califomia gulls.

3.2.4.7 Special Status Species

Impacts

Impacts to special status wildlife species which occur or have the potential to occur ars 5imilsr
for both altematives. Endangered species which may be minimally affected are bald eagle and

peregrine falcon. Whooping crane, an endangered species, is not known from the area and,

therefore, are unlikely to be adversely effected by the proposed expansion.
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Candidate species likely to be present iue westem snowy plover, white-faced ibis, black tern,
westem least bittem, and loggerhead shrike. Those candidate species listed by usFws (1gg3)
as potentially occurring in the region, but which were determined to have low or no potential
of occurring in the study area and, therefore, would not be adversely effected by the proposed

expansion are northem goshawk, femrginous hawlq spotted bag Preble's shrew, pygply rabbit,
spotted frog, least chub, and leatherside chub. Ute ladies' tesses, the only special status plant
species listed by USFWS (1993) as potentially occurring is unlikely to occur due to lack of
zuitable habitat and would, thereforg not be affected by the proposed orpansion.

Bald eagles may occasionally forage in the vicinity; howwer, the prey base is marginal and

roost sites do not exist. Adjacent areas and aquatic habitats support a higher quality prey base.

Whooping cranes are not known to occur in the area and they are known to migrate along the
Green River, east of the shrdy are4 to wintering grounds in New Mexico. The proposed

altematives would not have significant direct or indirect impacts on these two species. The
future existence of these species would likely not be jeopardized as a result of any action
altemative.

Peregrine falcons are known to nest in Salt Lake City, in adjacent mountains, md in artificial
nest sites created by LiDWR near Salt Lake City. They are known to forage in the northwest
portion of the study area The prey base is not large and the loss of this potential foraging area

would probably be insignificant.

Snowy plovers were observed at the salt waporatisa impormdments during surveys conducted

in April, 1993 in the vicinity of an area known to be used snowy plovers for nesting during
previous years. No nesting activity was observed during 1993 (SWCA, 1994e). potential

adverse effects of the proposed tailings impoundment expansisn would be minimal and may
include the following direct and indirect imFacts: loss of actual nest sites during nesting su,*on
(April to July); loss of potential nesti.g habitat; and, loss of foraging habitat. potential nesting

and foraging habitat includes playas, mudflats, and the 54[1 imFoundments. Tmpacts are

unlikely to be significant due to the existence of other nesting habitat along the shores of Great

Salt Lake; the wide dispersion of snowy plovers around the lake; and the dependence of the
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I I species on relatively unstable habitats and its zubsequent ability to utilize newly created

I 2 habitats (SWCA, 1993).

I

I 3 Mnimal potential habitat for white-faced ibis may be adversely effected by the Proposed

|l 4 Action. This is unlikely to be significant due the number of ibis nesting along the shores of

- 5 Great Salt Lake and the normal fluctuations in the sizes and locations of colonies.

I
I 6 No special status plant or fish species are known to occur within the study area

I

- 7 No Federal Action

I

t 
8 The No Federal Action altemative would ut'rlize the existing impoundment and would have no

|l 9 adverse impacts on existing special status species populations and habitae.

ll l0 North E>rpansion West

-
I 11 No significant impacts to general or special status wildlife species would result from the

I 
12 constnrction of the North Expansion West altemative. This alternative would continue to use

I t3 the existing impoundment until capacity is reached and then expand to the north and northwest

I 
14 of the existrng impoundment. The proposed expansisn would result in direct effects tn 4,457.4

t 15 acres, of which 984.3 acres are classified as jurisdictional waters, portions of which are

I 
16 important wildlife habitarc (see North E:pansion East altemative). In addition to fre salt

I 17 evaporator impoundments, this altemative would also ut'rlize the area occupied by a former

.. 18 fertilizer production facility, northwest of the existi.g impoundment.
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3.3 WATER RESOIJRCES

3.3.1 Surface Water Suonlv

3.3.1.1 Issues

iszue associated with surface water is the rerouting of major flows or unintemrpted

quality in the affectedmovement of waters, with the resulting changes in water quantity and

reaches, or unbroken sfietches of water flow.

3.3.1.2 Affected Environment

Based on a review of the Utah standards (see Section 3.3.2.1), fte watercourses in the vicinity of

the existing tailings impoundment fall under Class 6 criteriq for which general standards do not

exist. For Class 6 waters, standards are set on a site specific basis. The most applicable published

standards to be used for comparison purposes are for Class 3D waters, due to the watercourses'

short length, proximity to Great Salt Lake, and their non-use as drinking water or for recreational

or fisheries purposes. Class 3D waters are protected for waterfowl, shore birds, and other water-

oriented wildlife (excluding fish), including the necessary aquatic orgmisms in their food chain.

Class 3C standards are uzually the same as, but sometimes more stingent than, Class 3D standards.

Class 3C waters support nongame fish and other aquatic wildlife.

The C-7 Ditch is the primary drainage within the study are4 receiving the cumulative flows of Lee

and Kersey Creeks, Riter Canal, and Utah-Salt Lake Canal, from a combined drainage atea of 73

square miles. The current drainage configuration has the C-7 Ditch sited to flow along the

perimeter of the tailings impoundment first nortlq the,n west. The C-7 Ditch combines with the

West C-7 Ditch at a point along the northeast side of the gypsum stach ften the combined flow

proceeds rmder I-80 to Great Salt Lake. There is a single point of discharge into Great Sdt Lake.
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3.3.1.3 Environmental Consequences

No Federal Action

No direct impacts to surface water supply are predicted if the No Federal Action altemative is

undertaken.

North E>mansion West

The North E:lpansion West altemative involves the rerouting of the C-7 Ditch north to a new

confluence or merger with the Brighton Drain4ower Lee Creek system and then discharging to

Great Salt Lake through the historic Lee Creek drainage. Although the West C-7 Ditch is rerouted

around the new impoundmeng the same point of discharge would be used for the West C-Z Ditch
under I-80 to Crreat Salt Lake.

ImFacts of this rerouting would include:

. increased flows into lower Lee Creek,

' decreased flows across flats into Great Salt Lake at the existing discharge point,

' sfiange in water quality at the existing discharge point into Great Salt Lake, due to the lack

mixing between C-7 Ditch and West C-7 Ditch water, and

' change in water quality in lower Lee Creek from addition of C-7 Ditch water and removal of
drainage from Salt Ponds.

All of the above will have potential secondary impacts on channeVwetland morphology, vegetation

and habitat, the only current or likely beneficial water uses.

Imnact Twes

. changes in water quality where flows are rerouted,

. changes in channel morpholory where flows are rerouted,

. changes in vegetation/wildlife habitat where flows are reroute4
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changes in floodplain where flows are rerouted,

changes in frequency and duration of inundation during wetland vegetation growing seasons,

and

. sfuangoS in water quality due to potential increased discharge of collected wafers from an

expanded impoundment.

Chanees in water quality. This is the primary expected rmpact and is discussed in detail in

Section 3.3.2.

Chanees in channel momholow. The effect of the re-routing would be to increase flows in Lower

Lee Creek, and decrease flows at the curre,nt point of discharge of the combined C-7lWest C-7

Ditch into Great Salt Lake. The current Lower Lee Creek has a watershed much reduced from the

historic watershed, so that the addition of flows could in a sense be viewed as a restoration of

historic conditions. Both affected reaches of channel are within the historic flood lwels of Great

Salt Lake, and as zuch could be expected to periodically be changed in size and course by

inundation and recession of lake water. In both current and changed channels, velocities should

not be erosive and water sediment loads would be opected to be low. Channel morphology would

therefore not be expected to be a significant impact and is not addressed fiuther.

Chanees in habitat. frequencv and duration of inundation durine erowins seasons. These iszues

are addressed in Section 3.2.

Chanees in floodplain. The reaches of channels with increased and decreased flows largely lie

within the 100-year floodplain of Crreat Salt Lake, so that increased flooding from overbank flows

during entreme rainfall events would not likely to change defined floodplain levels. Channel

floodplain change would therefore not be opected to be a significant impact iszue and is not

addressed furher.

Chanees due to increased discharee from the impoundment Another potential impact is the effect

of the impoundment expansion on volume of rainwater and tailings water collected on the surface

of the imFoundment, and the effect of this change on surface water channels which collect water
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discharged from the impoundment or seeping through the base of the impoundment. This iszue

does not appear to have significant environmental consequences, for the following reasons:

l) The existing flows discharged or seeping from the impoundment into surface waters do not

lead to water quality problems in the existi.g receiving waters (see Section 3.3.2).

2) A rough estimate of the daily water flow into the impoundment via tailings is about 2O0 acre'

feet per day; this flowrate should not appreciably change with the proposed expansion of the

facility. This translates to an average 6000 acre-feet per month.

3) For the peak average monthly rainfall for the area (2.72 inches, for April), the volume of

water falling on the existi.g tailings impoundment surface is about 720 acte'feet, for the

oipanded impoundment, the water volume from rain would increase for the peak month to

about 1300 acre-feet.

a) The total water volume, during the peak rainfall montb, collected on the impoundment surface

is therefore about 6600 acre-feet under the existing operation and 7200 acre-feet after

expansion. The point is that despite almost doubling 1fos imfoundment surface area with the

expansion, the total water volume expected to be collected would increase less than 9 per ce'nt

during the peak rainfall month (and less in other monfts). The increase in discharge to

surface waters from the impoundme,lrt is therefore expected to be a total of less than 9 per

cen! and would not appreciably change existttg surface water quatity.

Changes in discharge or seeps from the expanded impoundment to surface water is therefore not

expected to be a significant impact iszue and is not addressed furher.

The following sections exclusively address the erqected primary impacts; the changes in water

quantity, and quality in fte affected channel reaches.

Impact Location

Flows are rerouted to and from the following locations:

. lower Lee Creek north of I-80; and

. existing C-7 Ditch beyond existing point of confluence with West C-7 Ditch.
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t I Imoact Intensitv and Duration

I 

" 

,^ract intensity and duration will depend upon the extent of water quantity and quality changes

| : 
in the affected channel reaches.

t : 
33.2 Surface Water Oualitv

.r 8 3.3.2.1 Ovewiew

le
I l0 Utah water quality standards are published in Standards of Quality for Waters of the State, R317-2,

t ll Utah Administrative Code, February 16, lgg4, and the EPA water quality criteria are published

- 12 in EPA Regron Wtr Clean Water Act, 304(a) Criteria Chart, revised July I, 1993.

113

I 14 Utah standards and EPA criteria for relevant constituents are presented in Table 3-2. Ia all cases

t 15 but one, Utah standards meet or exceed EPA criteria- The exception is chloride, which Utah doCI

- 16 not regulate with respect to Class 3 waters.

t17

- 18 3.3.2.2. Affected Environment

lre
I 20 Surface waters in the vicinity of the existirg tailings impoundment were sampled and tested

t 2t extensively during 1991 to 1992 to establish a baseline for ambient or surrounding water quality.

I 22 $amFles were collected from locations as shown on Figure A-8, Appendix A. Grab semFles were

I 23 collected monthly at most locations, and less frequently at the remaining locations. The water

I 24 analyses results, by location and parameter analyzed are prese,nted in Table 3-3. In the fo[owing

I 25 discussions md in Table 3-3, sample analysis results were compared with Utah Class 3D standards

I 26 where they existed and Class 3C standards for other cases, with the exception being comparison

I 27 with EPA aquatic life criteria for chloride.

28

I 29 The conclusions of the l99l to 1992 study, by water quality parameter, are summarized briefly

I 30 below. In the discussion below (and in Table 3-3), sweral parameters are discussed as having

I 3l been measured in concenfiations exceedi.g wildlife standards. These standards are not stictly

I
I
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applied in the project vicinity since many of the waters are Class 6 waters, under the Utah

classification system.

Field Parameters - Field parameters pH varies in range between 7 nd 9, which is to be expected

where soils and sediments are carbonate bearing. A few low pH samples were collected from

lower Lee Creek, Adamson Spring, and Upper Brighton Drain. There is no oplanation for these

isolated occrurences. Electical conductivity is an indicator of selinity, md increases as waters

approach Great Salt Lake. Temperature varies from 12.9'C in the Clarification Canal to 19.2'C

in Lower Lee Creek. Dissolved o)<ygen is high during cool months. Isolated measurements of low

values, which might limit biological activity were taken at Adamson Spring, and at three sites

along Lee Creek. There is no explanation for these isolated occurrences.

Total Dissolved Solids (TDS) - Background, represented by Kersey Creek" upper Brighton Drain,

and upper Lee Creek has a TDS range between 1500 to 11,000 parts per millisn (ppm) TDS in

the Clarification Canal is similar. Shallow ground water (which has TDS in fte range 63,000 to

87,000 ppm) appears to rise into and evaporate from the saline playas in the lower reaches of Lee

Creek and Brighton Drain, significmtly raising TDS levels, which in lower Lee Creek exceed

300,000 ppm.

Major Cations and Anions - Sodium and chloride are the major ions in most surface waters. In

the Ctarification Canal and Adamson Spring, there are higfuer ratios of calcium and sulfates,

e:<pected to be from process or ailings waters. Fluorides have been measured up to 5.4 ppm in

the Clarification Canal. As some isolated high fluoride measurements have been taken from

shallow ground waters east of the existing tailings impormdme,nl the source of the fluoride is

unclear.

Organics - The sampling report indicated that the majority of organic compounds were not detected

at any locations. Those that were detected were present at concentations that would not pose a

hazard to aquatic wildlife.
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Table 3-2
Aquatic Life standards For Analytes Detected In Kennecott Tailings pond vicinity

PARAMETER

Ulah C rss 3D Standards, unless noted EPA Reoion Vlll Aouatic Life Criteria

4-dav avo 1-hr avo

Hardness-dependent criteria (g)

4-dayavq 1-hravc

Hardnessdependent criGria 151 

-4-day avg
AE

1 -hr avg
AE

4-day avg
AE

1-hr avg
AB

Ef,LIS[lzl1L
Min DO: 30-day, l-day avg
\lax Temp (C, class 3C) "'
,H ranoe "'

5a
27

6.5 C

(4)(4)

ME IALS. IJISSOLVED
Aluminum
Arsonic, trivalent
Cadmium'
Chromium, triva16nt'
Copper'(chronic is class 3C)

Lead'
Mercury
Nickel'
Selenlum
Silver" (chronlc is class 3C)
Zinc'

0.087 0.75
0.19 0.3€

0.0011 0.003s
o.21 1.7

0.012 0.018
1

0,0032 0.082
0.000012 0.0024

0.16 1.4
0.005 0.02

0.00012 0.0041
0.11 0-12

0.7852 -3.49
0.819 1.561

0.8545 -1.465

1.273 -4.705

0.846 1.1645

0.8473 0.7614

1.128 -3.82t
0.819 3.68t

0.9422 -1.46!

1.273 -1.4e

0.846 3.3612

1.72 -6.52
0.8473 0 A60d

0.087 0.7t
0.19 0.3(

0.0011 0.003s
o.21 1.7

0.012 0.01€
1

0.0032 0.082
0.000012 0.0024

0.16 1.4
0.005 0.02

0.0041
0.11 0.12

0.7852 -3.49
0.819 1.561

0.8545 -1.465

1.273 -4.705

0.846 1.1645

0.8473 0.7614

1.128 -3.828
0.819 3.688

0.9422 -1.464

1.273 -1.46

0.846 3.3612

1.72 -6.52
0.8473 0.8604

INORGANICS
Chloride 230 86C

loD "'
\itrate as N ( class 3C) "'

E

4

Where standards are listed as 4-day and 1'hour average concentralions, lhese concentrations should not be exceeded more often lhan once €very lhree years
on lhe av€rage.
Units ar€ mg/|, unless noled.
Equallon for paramelers with hardness depond€nce: Limit (mg/i) = €xp(A'(ln(hardness))+B)/i000, with hardness as mgl CaCO3.
EPA aqualic life criteria for D.O. are as foflows:

2.
3.
4.

30 day mean
7 day mgan

7 day mean min
1 day min

Coldwater Crileria
eady life other life

NA
s.5 (6.5)

NA
8.0 (s.0)

Warmwaler crileria
6arly life olher lile

NA
NA

# Number ln parentheses is lor species with early life stages directly exposed to the water column.
Precedlng number ls for other speci€s.

Hardness dependent. Se€ hardness depend€nt cilteria. Standards tist€d in 4-day avg and 1 -day avg columns corresponct to 1 oo mg/{ hardn€ss.
Acute slandard is hardness dependenl. chronlc standard is independent ol hardness.
Slandard for instanlaneous value.
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Table 3-3
Surtace Water Sampling Data, 19!ll-19t12

EXCEEDENCES IN KENNECOTT t.1

lof
@t-
ms
vifl
)xcsd

Bngh- C-7
lofl Oitdl

\dm- Bdgh. DEh Chrifi. aller
ion lm head. callon ouflall
l6*s nah wd.^ .^l ml

c-7
Oitcfi a

>-7 C-7 C.7 RR
)ildr Dildr Oitdr N BritSo,
rtler aflor ol Tail. C-7 all€r
)utlell Korsey hos Ditdl at Korsoy
nt A* l.e lS A.

Ks6ey
>.7 KeHy Cr Leo Cl
Vesl Crat Korsoy Mah Head.
)itch SR2Oi Cr Est Slem weler

Rgland
soulh Rilet

-so Cr Los Cr Le€ Cr Orah- Cnl
Uain N ol l- noar age belore
Stem 80 hke Cnl C.7 Dh

lilsr ROW
)nl Cnl
rller C. north of Spitz UT &
rCW l€0 Spdno SLcnl

Lo€tin lC ADSP AOCN BDCN CLCN CSCN
17O 't6S 171 152 

'tst

cscN cscN cscN cscN cscn
ls1 a55 a56 aa7 a7i

uw)w nusw KUUW nusw L(;stl
171 .158 459 460 461

LCSW LCSW LCSW RSCN RTCi
162 468 469 463 45t

RICN RWCN SZSP USCI
451 167 466 17t

pH (stffitaftr 6.5 - 9.O)

t moasurod
minlmum
I b€low lowor standad
avg below low€r sladard
I abovo uppor slsdard

'fl 6 12 12

3.t 6.6 4.5 52
111

3.'r 4.5 5.2

12

4.0
2

s.2

1212011
7.5 5.0 5.8 7

t1
5,0 5.8

121211212
3.9 7.1 9.0 7 .1 7 .a

I

912121212
7 .1 1.6 6.5 7 .6 6.,1

31t
4.4 6.5 6.4

r l1 12 I
6.4 7.6 5.1 7

1

5.t

TEMP (standad 27, cbss
I ovor delctbn linil
mulnum
I ovgr stardad
rvd 

^wa. 
d.h&d

C: d€ttrl on limil 1)

I tt ro 6 rr r(

| ls.s 2s.8 27.7 24.1 22.4
tt
Io,

1l ||
21 21.4

010[
25.3 21.1

lt10t10!
23.8 23.2 17.A 24 2!

8 11 11 10 11

22.45 28.8 32.8 26.5 23j
110

20.5 25.3
11 t(
29 r 9.:

80t)5 (slsxlad 5; no dols
I over det6lbn linit
muinum
I ov€r standard
rvd over dedd

tbn lmil
I
I
II r!

I 11

7.5 8.3
lt

7.5 8.3

3 't0 12

5.9 15 6.,(

142
5.9 9.9 6.:

2.3 t
5 7.1

1

7t

.t2

r0.6
3

7.3

12 1

1.2 4.98
912't'|l!

8.2 5.2 5.3 3.8 2i
311 t

63 52 53 13'

8f0111210
5.3 19.3 22.7 20.9 tO

'l 5742
5.3 11.8 132 98 7A

I l(
8.

6.t

2.9
910

7.8 r8.4
t3

7.A 15.3
orssoLvED oxYGEN (30
I over det*tin limil
minlmum
I bobw 30day sld
avg bolow 3oday std
I bolow l.day sld
Bvo belcw ldav sld

<!ay-avei rge standard 5.O mhtnum; lday.av€rag{
lt6s77
I rr 1 7.s 6.7 s.e

16r| 4t 1

stsdard 3.0 mhknum; d€lo€tim linit |)
7706

7.1 6 6.8 6.
67167
7 4.4 8.,1 6.4 2.7

11
1.4 2.1

2.1

177
L9 t.r 1.3 2.
241

2.45 2.3 2.6 2.
132

1 .9 1.8 1.7 2.

5
o 66

62.25
I

2.2
1

2.2
NITRATT, AS N (STAdAd Z

I ovor dotclbn linit
lluimum
, over stardard
.6 nve. da&d

cbs 3( dot*lbn limn 1)
11061

13.6 17.5 4.3 3
'tll

13.6 17.5 'l 3

12 t2 1 1.7
3.5 6.9 3.7 6.5 6

22
<o c, a

't509
f.t 2.1 16.3

I
12.9

o o 1 2 1r
1.3 2 4.5

I

1

t.4
03

1.7 3

CHLORIOE (,ld8y-av€rag€
, ovor dotclkm linil
mulnum
I abqo 4day standad
avg ovor 4&y standad
I abovo 1 -hr sisdard
aw ovd 1 -tlr standad

[*'
t:;

23O: 1+r{veEg€ sledard 860, EPA| d€
il1151212

lTtO 228oo 5120 2t60 8t8
111r51212

1528 7929 4590 t48:t 469
11 tl 5 12

1528 792s 4590 14&!

lclion linit 5)

|t"l.zrrr
I r29O rr3o 75O 1680 |r2(

f1212r11r
| 6ss 653 75O 1278 6s{

f3211 i
I 1rO9 1022 r27A 10X

1212112!
3560 620 1810 7O2 35,1(

1212112!
2871 45,1 1810 556 1721

12i;
2474 18tO r97!

912121212
2380 2l4oOO 22oO@ 5210 it20

912121212
f279 98817 79065 t231 327

712126
t43a 98817 79065 1761

I 11 12 t.
352 168@0 m20 83.

111121.
352 17757 1348 54{

412
24171 13,18

I over dotrlbn linil
|ulnum
I abwo 4day st8ndad
8vg ovellday siildad
I abovo 1+r slsdad
avo ovd l+v slandard

nskbrd 0.@7: | +f-rvorags standad C

12101
o.15 0.17 0.162 0.113

l2lt
0.'t50 0.135 0.t62 0.113

.75: deletbo linh 0.1)

lz4o1 .
I o.2t5 0.121 0.231 o.l,(
121 1t
| 0.158 0.110 0.180 0.r3:

6202
o.24 0.i3 0.1

622
o.r49 0.115 0.100 0

1.'t€

.50s

I
't.1€

4025'l
i.gt o.25 0.68 0.14

1251
o.7r9 0.180 0.912 0.140

1

1.9t

000
ot:

0.14

ARSENIC dslv€d (4.<lay
I owr del*lim limit
Mlnm
I sbde ,lday standard
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o.062
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o.224
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Tabte 3-3
Sudace Water Sampllng Data, 1991-19t 2

lol
ocal-
oft3
flih
txco€(l
DmaS

Bdgh. c.7
lql Oftrt

\dm- Bdgh- Drah Cbdl- aller
ron lqr hcad- cdloo outlall
;n.Ln Ohh rds chl Ool

a-t
Oltdra

,-7 C-7 C-7 RR
)itcfi Dildr Dildr N B.ldge,
rllor allor ol Tail. C.7 afler
,uilall Ke?sey b$ Oitdt al Kersoy
n2 Crt Aro. l{) Ct

Ke|s0y
Korsey Cr Loo Ct
Cr.l Koisey Mah Head-
SEnl Cr C.Gt ets grlA.

i.7
ffe$
th

Rded
sdth Rito.

.oecr Le€Cr Loecr Drah. Cnl
,lah Nofl. near lge belore
:|ffi m bk. nhl n-tm

lltor ROW
;nl Cnl
ltlorC.norlhol Spitz UT!
I Dltt l.AO Sor|.n Sl a

Localbn lt ADSP ADCN ADCN CLCN CSCI
a7|J aas 171 152 a5:

cscN cscN cscN cscN csci
a4 r<R l4 tE tr1

uwJw 
^usw ^gJw ^g!w 

Lv)n
171 asa 459 '160 'f6l

LV)W L90W LVDW nDgN Htgn
162 468 469 ,163 45{

nruN xwuN szsP usci
451 /167 {66 t71

,A9M|VMqWE(iql
, ovor d€l*{on lini
naxlnwn
I above tlday standad
vgwer4day d6n&td
t abow t.fir st&dard
wo over llr slrnderd

ruu.wr<avg; t{a{98
81iE

0.006 0.002 0.002 0.qr6

o u.|D rvg-; stqm m[ u.wl5,
11031

0.@ 0,0cKt 0.@ 0.00i
8000

0.0(X 0.qx

o.00,

30221
0.@3 o.qxt 0.035 0.0q

1

o.oils
I

o.qts

o21
0005 0.0d

o

tvrrc (!qy.
I ovgr delclbn linl
narlilum
t rbo\ro 4day dardad
lWover/1.&yCrndad
tabore lirdd|dad
rvo ovr ll|r rtrndard

l"l; I

reE g.gw rvg'; r{r-voGgo 6|rut
| ,z ir 6 t1 7

lr.006 o.2ar o.4qt o.odr 0.028

112 12
| 0.520 0.204 0.29t

lo
o.584 0.4C(|

O.t7 avd; dolec{in |tnn O.0$)
8 t0 t rr I

0.025 0.025 0.02 0.$:t o.oz
129r9t

o.mr o.o2. o.fi 0.022 0.05,
{ I

0.15r 0.(Xo 0.03{
tt

nmt nM

9t2t2tl{
0.065 2.353 0.812 0052 o.Oi

177
0.065 0.97't 0.523

53
!.r99 0 7dl

oto12{
5.(x,1 0 021 o.2G

rtt
5.044 0.020 0.20i

tl1
5.(X4 0 020 0.2fi

RON dsSOMrd (SarXbrU
t war d.l6clbn &ni
ntrlnun
t ov.r sbrdard
rffid.rd.dd

de|oc|k)

10

rn[ r,
8003

3.0i1 2.17 1.9
63

)ao )i) iR

lroo
1.5 1.39
It

t.50 1.39

't.g

t-c

5000
6.8

5)n

o3?o
3.1 2.9g2

i -ao 1.71

ol
3.6t

I
367

o

tELE {tUM ('sEOtVe(l (4{a
t w.i det*llon ltnl
narhtm
t abovo 'ldey slandad
v0ovor4Ayrbn&d
labow l{|rcJ|dard
mws t.hrsl$dad t'

bd o.oo5: 1-tu-rv.6g€ 8trndrrd 0.
00150

0.01 0.0st
t5

o.(Xo 0042
r5

OOilIl OOa2

02; deteclbn linl 0.035)
oo00 9001

0.086 0.14
9t

0.076 o.l,|{)
9t

607t o rm

o o00 0 0o

iILVER dscott.d (4dry{'
t owrdat€dbn llnl
ulnum
t !bo|/a tl{ay stardard
v0 ol[r 'lday slan&d
, abov. l.|lr slirdad
16 ili l$r d.rYLnl

rollgo all rdard 0.0(x)12: l.tu w.ng. .tirdld O.{

lroo0o
| 0.002

lr
| 0.002

ave'; delslhn fnh O.oCD l 2)

0000 o 0 00 o I
o.01

I
0.0r

o21
0.002 0.m2

21
0.@r5 o.ma

0 0o

alt{c (Fon ad (a{ay-ewl
t owdd€clbn llnlt
nulntrn
t rbor. aday slarda.d
lvg owr rlday staffbd
I rbova i.ir slgderd
1|'dr lfrd.d.d

lg€ drxad o.79 !w-: I.rrl-rwrage candaro 0.67
t22120
I o.rrr o.21 o.o5 o.o7r

w9-: delellcn llnlt o.(x7l
trtl6i

0.(b 0.1't 0.11 0.185 0.0i
o2

0.47
!

o.{7
I

oa?

120
o.456

2
0.21

3421
o.3 0.os1 0.22 0.08t

ot
o2i

o

N9 I EU:
'1. S1!rd.d3artp.rUtrhda$3DtudEwrLrdlndads(F.b16, l99a)..!c.plwtFr.rd.d!stlahdass3CstrnArdorEPArqullcllfecdterb.
2. Wrr. rc v|lua b rapoilad, 0rr9 tven no are.dtrG.
3. Unllr ur nrCn b. aI pamceB, .rc.p| lor Tsrp.nluF (degr.e3 C) rrNd pH (s|Jxbrd un[!l.
' Strrd8rd b hadres demn&nl rd b d{lcrsl ior.rdr mb.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1

2

J

4

5

6

7

8

9

10

l1

t2
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t4

l5
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17

l8
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Metals

Cadmium - Isolated cadmium measureme,nts have exceeded standards for wildlife in waters

representative of background (headrraters of Lee Creek, on Kersey Creek" and in the Ridgeland

South Canat). As the measurements were in no case over continuous months, the conclusion was

that cadmium was unlikely to have prolonged adverse impacts on aquatic life.

Iron - Most background waters had at least one measureme,nt for iron which exceeded standards

for wildlife. Average annual iron exceeded 1.0 ppm at four sites: West C-7 Ditch, C-7 Ditch at the

railroad bridge, C-7 Ditch near I-80, and at Adamson Spring.

Lead - Isolated lead measurements exceeded standards for wildlife in the C-7 Ditch north of

Highway 201, in Kersey Creek, and in Ridgeland South Canal. As lead did not exceed stmdards

in the Clarification Canal, these measurements are o<pected to be from background sources.

Copper - Copper measureme,lrts exceeded wildlife standards at ten sarnpling sites, both from waters

indicative of background and process waters.

Arsenic - Isolated arsenic measureme,nts exceeded wildlife standards at four sites along Lee Creek.

Levels are high within the background shallow aErifer, and within tailings waters.

Selenium - Nine measurements in the West C-7 Ditch exceeded wildlife standards, with the likely

source being water discharged from the Garfield wells.

Aluminum - Measurements of aluminum exceeded wildtife standards at 17 locations, both from

waters indicative of background and process waters.
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3.3.2.3 Environmental Consequences

No Federal Action

No direct impacts to surface water quality is predicted if the No Federal Action alternative is

undertaken.

North Expansion West

Tmpacts of Proposed Changes on C-7 West Ditch Outlet to Lake

The impact of the proposed sfuangos on water entering Great Salt Lake from the C-7 West Ditch

was estimated based sn sfiangos at the CSCN457 sampling location (see Figure A-2, Appe,ndix A).

CSCN457 is located beyond the current confluence of the C-7 Ditch with the C-7 West Ditch, and

is the final sampling location before the C-7 West Ditch discharges to Great Salt Lake. As

prwiously discusse4 the C-7 West Ditch would be rerouted to lie west of fte rypsum tailings area

and the C-7 Ditch would be rerouted so it no longer discharges at this location. No new sources

would be intoduced in this are4 so the only effect of the changes would be to eliminate the flow

from the C-7 Ditch. As a result, the future flow and constitrent levels at CSCN457 are e:ipected

to be the same as at CWSW471 (C-7 West Ditch).

Currently, flow from the C-7 Ditch dilutes the flow from the C-7 West Ditch and causes the water

quality to be better at CSCN457 than at CWSW471 (Table 34a) Therefore, elimination of 6is

diluting flow will result in lower flows as well as lower water quality at CWSW457. The oipected

effects on flow and Erality at CWSW457, would be as follows:

. average flow would decrease from 73 cubic feet per second (cfs) to 7 cfs,

. average pH and Biological Oxygen Demand (BODS) would decrease from 7.7 tD 7.1and 3 to

2.6 milligrams per liter (-g/l), respectively, and BOD5 exceedences appear in 25 percent of

sarrples,

. nitate exceedences would be eliminate4
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I
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I
I
I
I
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Table 3-4a
Estimate of G-7 Channel Dlverslon Effect on Water Quality at CSCN457 (west C-7 Ditch at 1-80)

ANALYTE

1991-92 DATA (includes C-7 ditch flow)

l-hour-averagestandard 4-day-averagestandard
percent of average percent of

average values over value over values over average value
value standard standard standard overstandard

POST-DIVERSION (does not include C-7 ditch llow)

1-hour-averagestandard 4-day-averagestandard
percent of average percent of

average values over value over values over average valur
value standard standard standard over standart

Flow
pH*
BOD5'
Nitrate'
TDS
Chloride
Aluminum
Copper
lron'
Selenium

73 NA NA NA NA
7.7 I 5.76
300

2.5 16 5.4
3196 NA NA NA NA
1278 100 1278 100 1278
<0.1500670.18
0.0290000
<0.1 0 0

<0.0350000

,/ NA NA NA NF

7.1 8 3.9
2.6 25 6.5
<1 00

6480 NA NA NA N/
2874 100 2874 100 2874
0.1500850.1t

0.094 I 0.2 33 0.1t
<0.26 42 2.43

<0.066 75 0.076 75 0.07(

Notes:
1. All units are mg/l except for llow (cfs) and pH.

2. Averages with "<" slgn are lor locations where some samples had concentrations below the detection
limit. These concenlralions may or may not have been 0, so a precise avelage could not be calculaled.

3. NA denotes analytes for which there is no applicable regulatory standard.
4. Reported values are for grab samples, although some standards are for average concentrations over a period of time.* Instanlaneous standard applies; exceedences are reported in the 1-hour slandard columns.

TBLS-3-4.XLS 1/26/95
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. average chloride concentations would increase from 1278 to2874 mgA, with an accompmying

increase in TDS from 3196 to 6480 mg/I,

. average aluminum, copper, iron, and selenium concenfrations would increase, and

. standards for all four of the above metals would be exceeded" whereas existing conditions

would result in only the 4-day-average standard for aluminum being exceeded.

While *rerage concentations and freque,ncy of exceedences for a number of constitue,lrts increase

as a result of the change, total loads would remain the same or decrease since no new sources are

added.

Impacts of Proposed Changes on Lee Creek Outlet

1[s impact of the proposed changes on water entering Great Salt Lake from Lee Creek u'as

estimated based oo sfuenges at Lee Creek north of I-80 (the LCSW468 sampling location). Please

refer to Figure A-2 Appendix A for sampling site locations. LCSW468 is located north of the

former salt evaporation ponds and would receive the rerouted C-7 Ditch flows. LCSW468 and

LCSW469 (Lee Creek near Great Salt Lake) are the final sampling locations prior to fte outlet of

Lee Creek to Great Salt Lake, and measured constituent lwels were similar at the two locations.

Thus, impacts on water quality at LCSW468 should be representative of impacB at the discharge

to Great Salt Lake.

The two actions changing constitue,nt levels at LCSW468 would be the rerouting of the C-7 Ditch

to the Lee Creek outlet and the effective closure of the former salt waporation ponds as they

would be annexed to the new tailings impoundment.

Predictions of future constituent levels were calculated by so6lining the effects of all watercourses

that would contribute to LCSW468. The four contributing sampling locations used for these

calculations were:

. BDCN465 @righton Drain), to include the contribution of the Brighton Drain,
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. RWCN467 (Right-of-Way Canal north of I-80), to include the contibution of the Rigbt-of-Wav

Canal,

. CSCN45 5 (C-7 Ditch after Kersey Creek), to include the contibution of the rerouted C-7 DitclU

and

. LCSW468 (Lee Creek north of I-80), to include existing flow at the Lee Creek outlet.

The predicted concentations for each month in the l2-month sampling series were calculated using

the following relation" producing flow-weighted average concenfrations:

Cp,"a = sum(Ct " Q) / sum(Q) (1)

where Cp,"a = predicted concentration;

Ci = conce,lrfation at each sampling location; and

Qt = flow at each samPling location.

Measured concentations were combined with measured flows at three of the four locations listed

above, with the exception being LCSW468. In order to account for the elimination of loads from

the former salt waporation ponds, concentrations from RWCN467 were paired with flows at

LCSW468 in calculating the flow weighted u{erage. This is because, while runoff from the ponds

contributes a large load to LCSW468, RWCN467 is beliwed to be largely unaffected. In this way,

existing flows and reasonable constituent loads at LCSW468 would be preserved while high loads

due to the ponds would be eliminated.

Adding the flow from the C-7 Ditch would significantly dilute the water and increase the flow

entering Great Salt Lake via the Lee Creek outlet Predicted impacts axe suumudzed in Table 3-4.

Highlights of the table are as follows:

. aver€e flow would increase from 5.5 cfs to 92-4 cfs,

o average pH would increase from 6.8 to 7.8, with one, rather than three, exceedences in the

twelve-month period,

o aver€e BOD5 would decrease from 9.7 to 2.8 mgA, with the non-attainment of 64 percent

being eliminated (no exceedences),
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Table 3-4

Estimate of C-7 Ghannel Diversion Etfects on Water Quality at LCSW468 (Lee Creek North of l'80)

1-hour-averagestandard 4-day-averagestandard
percent of average percent of av(

average values over value over values over value
value standard standard standard

1-hour-averagestandard 4-day'averagestandard
percent of average percent of average

average values over valus over values over value over

value standard standard standq'{ standardANALYTE eP,/NANANA
7.8 I 6.4
2.800
6.2000
2.6 17 5.5

4456 NA NA NA I

2198 58 3358 100 21

<0.101 00140.108
<0.040000

<0.056880.51 80'51
<1.03 I 1.4

<0.00012 0 0 0

6.8 2s 4.4
9] 64 13.2

4.2 43 1.8 57 2.3

<1 8 1.3

179706 NA NA NA NA

98817 1oo 98817 100 98817

<o.1200290.18
<0.09600170'0015
0.625 42 1.2 58 0.97

<1.2 25 1.8

<0.0003500170.0015

BOD5-
Dissolved oxYgen*'

All units are mg/l except for llow (cfs) and pH.

Averages w1h '<', sign are for locations where some samples had concentrations below lhe detection

limit. These concentralions may or may not have been 0, so a precise average could not be calculated'

NA denotes analytes for which there is no applicable regulatory standard.

ieported values are lor grab samples, although some slandards are for average concentrations over a period of lime.

Insiantaneous standard applies; exceedences are reported in the 1-hour standard columns.

ffisd;il;;"iid".i"

TBLS-34.XLS 1/26/95
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. average nitrate conce,lrtation would increase, with exceedences rising from 8 percent of samples

to 17 percent of samples,

. chloride and dissolved solids loadings would greatly decrease, dropping from averages of

99,000 and 174,000 mgA to below 5000 mgil,

r atverage aluminum" arsenic, copper, iron, and silver concentrations would decrease, with

exceedences over 4-day-werage standards being eliminated for two of four analytes and greatly

reduced for the other two analytes. Exceedences over the l-hour-average standard and

instantaneous standard for copper and iron would decrease to one event apiece during the

twelve-month history, and

Based on analysis of the 1991-92 sampling data" fte net result of the proposed changes on the

water at the Lee Creek outlet would be a much lower solids and chloride loading, as well as

increased overall water quality. The only contaminant concentation calculated to increase would

be that of nitrates, which would generally meet standards as well.

3.3.2 Ground Water Supplv

3.3.2.1Overview

Methods

An understanrting of ground water flow in the vicinity of the tailings impoundment and potenti.al

impacts of proposed altematives was developed from a rwiew of the documents listed in Chapter

6, Refere,nces Section 3.3.

Applicable Statutes

State of Utah regulatory statues include the Utah Grormd Water protection regulations.
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3.3.2.2 Issues

Iszues associated with the ground water include potential changes to the:

. local vertical and horizontal hydraulic gradients and flow directions,

. quantity of ground water discharged to toe drain collection ditch,

. quantity of ground water discharge to springs and seeps that feed nearby wetland areas, and

. water levels in and capacity of nearby grormd water production wells.

3 3.23 Affected Environment

Water quality and water level elevation data for wells and springs in fte area have been used in

various reporB to characterize the occurence and movement of ground water in the area of the

tailings impoundments. Three main aquifen are identified in the GSL area are the Bedrock

Aquifer, the confined kincipal Aquifer, and the rmconfined Shallow Aquifer @igure 3-2).

Bedrock Aquifer

Bedrock in the Oquirrh Mormtains is exte,lrsively fractured. Where these fractures are connect€d

and saturated they fonn the Bedrock Aquifer. Recharge to the Be&ock Aquifer is from

precipitation in the Oquirrh Mountains. No perched zones hare been reported for the north e'nd

of the Oquirrh Mountains which indicates that fracturing is extensive.

Ground water within the Bedrock Aquifer moves downgradient and is discharged from wells and

springs. Most springs which discharge from the Bedrock Aquifer are located along the contact

between the lacustrine sediments and bedrock that occurs approximately along the 4235-foot

topographic elwation contour.. Approximately 500 acres of the existing tailings impormdment is

constnrcted on top of bedrock. Some historic springs have been covered by the tailings

impoundment. Ground water is also discharged from the Bedrock Aquifer, via upward vertical

hydraulic gradients, to the Principat Aquifer. The remainder of the Tailings Impormdment overlies

thefine-grained lacustine sediments of theunconfined Shallow Aquifer. Hydraulic conductivities
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in the Bedrock Aquifer are estimated from slug and short-term pumFing tests to range from 1Xl0-
4 up to lxl0-1 centimeters per second (cds).

Shallow Aouifer

The unconfined Shallow Aquifer consists of lacustine Bonnwille clays and interbedded clays and

fine sands of the underlying Cutler Dam Series. These sediments directly overlie the Bedrock
Aquifer in some areas, but in most cases, the Shallow Aquifer overlies a So-foot thick bed of
reduced permeability material that confines water in the underlying Principal AErifer.

Water level elevations measured in the Shallow Aquifer generally follow ground surface elwations.

Because ground water is being discharged to lakes, streams, and canals in this area, the locations

of these features are reflected in the water level elevations. The potentiometric sgrface which can

be contoured from these elwations indicate that ground water flow is to the north northwest and

some ground water is discharged to the GSL.

Slug tests and short-term pumping tests indicate that horizontal hydraulic conductivities range from
5x10-5 to 4x10-3 cm/s. Laboratory tests of samples of the Shallow Aquifer indicate that

permeabilities r4nge from 2xl0-8 to 4xl0-7 cm/s . Triardal permeability tests were performed for
various confining pressures on the Bonneville Clay. Permeabilities ranged from 4xl0-7
crn/s at low confining stesses to 6x10-9 cm/s for high confining stresses. These daa indicate that:

' horizontal hydraulic conductivities are at least two to three orders of magnilude ( 100 to lO00

times) greater than vertical permeabilities and

' thevertical permeability of the clays has been reduced byup to two orders of magnitude (100

times) by the weight of the Tailings TmFoundme,nt.

Princioal Asuifer

The Principal Aquifer is confined and consists of clay, silt, sand, and gravel deposits with
individual beds ranging in thickness from less than one to sweral tens of feet Sedime,nts located

below the Shallow Aquifer and above fte underlying semiconsolidated sediments and bedrock are

I
I
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included in the principal Aquifer. These sediments include an approximately 50-foot thick

confining zone that separates the unconfined shallow aquifer from the confined

Principal Aquifer

The Principal Aquifer in the GSL area is zubdivided into a lacusfiine zone and a gravel zone. The

lacustine zone consists primarily of clays and interbedded fine-grained sands. The gtavel zone

consists of coarse-glained sediments tansported from the mountains during an extensive cycle of

low GSL elevations. Large capacity wells located near the Oquirrh Mountains are completed in

the gravel zone of the Principal AErifer. Slug tests and short-term pumping tests of the upper part

of the pdncipal Aquifer indicate hydraulic conductivities of 3x10-5 cm/s for lacustrine to 4x10-4

cm/s for gravel zone. Horizontal permeabitties within the Principal Aquifer are estimated to be

2x10-3 cm/s versus vertical permeabilities of 3x10'5 to 4xl0-4 cm/s.

Hvdraulic Gradients

Vertical hydraulic gradients are upward from the Bedrock Aquifer into the Principal Aquifer, from

the principal Aquifer into the Shallow Aquifer, and from the Shallow Aquifer to the ground

surface. This upward vertical gradient is reversed and vertical ground water flow is changed from

upward to downward under the tailings impoundment. Horizontal hydratrlic gradients result in

ground water flow that is in a northwest direction across the study are4 toward Great Salt Lake'

Horizontal hydraglic gradients flatten toward the north from 0.002 near the Bedrock Aquifer to

0.0005 near the GSL. Vertical hydraulic gradients between the Principal Aquifer and Shallow

Aquifer renge from 0.05 to -0.3, and average -0.1 with the negative value indicating an upward

gradient. The ratio of horizontal to vertical hydraulic gradients (0.001:O.l) when compared to the

ratio of horizontal tovertical hydraulic conductivity of the aquifer materials (1000:1) indicate that

ground water will be discharged from the Principal Aguifer to the Shallow aquifer within a

distance of about ten times the aquifer thickness. These numbers indicate that the length of the

ground water flow paths within the principal Aquifer are relatively short and that transport of water

over great distances through the Shallow Aquifer is generally not possible'
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Downward vertical gradients beneath the tailings impormdment indicate the potential for discharge

of tailings water into the underlying Shallow Aquifer. Although the potential exists, the actual

quantity of flow discharged is very small due to the very small vertical and horizontal conductivity

of this aquifer at this location. The tailings impoundment overlies part of the Bedrock Aquifer.

In these areas, the recharge of the Bedrock Aquifer by overlying tailings impoundme,lrt water is

not prwented by the presence of the Bonneville Clay in the upper part of the Shallow Aqtrifer.

However recharge from the tailings imFormdment into the Bedrock Aqtrifer has been limibd !y
the small vertical hydraulic conductivity (generally less than 10-6 cmls) of the overlying tailings.

Ground Water Use

Large quantities of ground water are used in the GSL area for industial, mrmicipal, and residential

purposes. This water is generally obtained from the principal Aquifer and spring discharges from

the Bedrock Aquifer. Utilization of the Shallow Aquifer is greatly limited due to its very low well

yield potential and ge,neral poor qtrality of water.

Majority of wells completed in the gravel zone of the Principal AErifer; capacities range from 15

to 10,000 gallons per minute (gpm) according to permitted water rights. Springs are located along

contact between the Bedrock Aquifer and unconfined Shallow Aquifer. Adamson spring

discharges 6000 gpm and is used by Kennecott as process water.

3.3.2.4 Environmental Consequences

Impact Types

TmFact tlpes include potential changes to:

. local vertical and horizontal hydraulic gradients,

. local vertical and horizontal ground water flow directions and rates,

. rate of discharge from springs and seeps which feed wetland areas to north of proposed

altematives, and

. water levels and capacities of nearby ground water production wells.
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Impact Location

Tmpact locations:

' footprints of tailings impoundment and east and west altematives.
o 1se drain collection ditch,

. Sedimentation Pond"

. nearby ground water production wells, and

. nearby springs and seeps near each altematives.

Impact Intensity and Duration

Changes to Hydraulic Gradients - Hydraulic gradients are opected to be reversed from upward
to downward under each altemative and for an area limils6 to the footprint of each altemative.
Hydraulic gradients are orpected to remain reversed; howwer, the magnitude of the gradients are
expected to decrease with trme after the tailings impoundment of each altemative is closed and
pore pressures in the Shallow Aquifer are dissipated.

changes to Ground rvater Flow Dirrcctions and Rates - Due to the small vertical permeabilities
and relatively larger horizonal permeabilities of the of the Bonneville Clay and of the tailings
themselves, horizontal flow is e><pected to dominate.

Rate of Discharge from Springs and Seeps - The rate of discharge from springs and seeps away
for each altemative is not expected 1s sfuange, because impacts to hydraglic gradients and ground

water flow directions ile expected to be small and limited to the area of the fooprint of each

altemative.

Water Levels and Capacities of TVells - Water level elevations and capacities of ground water
production wells are not expected to be impacted becarse ground water will not be qrtracted as

part of the alternatives, and because impacts to hydraulic gradients and flow directions are expected
to be small limited to the fooprint of each altemative.

I
I
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I I 3.3.3 Ground Water oualitv

l2
t 3 3.3.3.1 Overview

-4
I 5 Methods

I : ;rr*"ding of ground water quality in the vicinity of the existing tailings impoundment and

I 8 potential rmpacts of the proposed altematives was dweloped from a rwiew of the docume,nts listed

I 9 in Chapter 6, References.

ll0
I 11 Apolicable Statutes

r12
I 13 Federal regulatory statutes include the:

-14
I 15 . Safe Drinking Water Act as amended (42 USC 300f et seq.)

I 
16 . Clean Water Act of 1977 (33 USC 1251 et seq.)

I 17 . Comprehensive Environmental Response, Compensation andliability Actof 1980 as amended

I I 
(42 usc e6rs)

I 20 Utah regulatory statutes include:

l2r

I 
22 . Utah Water Quality Act

t 23 . Utah Safe Drinking Water Act

I 24 . Utah Ground Water Quality Protection Rules

| 25 . Utah Underground Injection Control Program Rules

r 26 . Utah Water Quality Standards

127

I
I
I
I
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3.3.3.2Issues

Iszues associated with the ground water quality include the potential for:

' water used to slurry tailings to seep into and change the quality of ground water in the
underlying aErifers,

' leachate generated by tailings to seep into and change the quality of ground water in the
underlying aqtrifers,

' leachate generated by or interstitial pore water contained in the gypsum tailings of the former
Chewon Phosphate Plant (North Eryansion West altemative) seep into and change grormd

water quality in the underlying aquifers,

' slag used for drainage blanket to cause changes in water quality of ailings water and

underlying aquifers,

' salt left at the former Morton SaIt Plant to be dissolved by tailing water 6d impact rmderlying
aquifers, and

. beneficial use of local ground water to be changed.

3.3.3.3 Affected Environment

Ground water quality is variable and complex in the area of fte Existing Tailings Tmpormdment

and altematives due to the chemical wolution of the waters in a unique natural system (i.e., Great

Salt Lake basro). Water qualities represented by total dissolved solids (TDS) rmge from small

concentrations in recharge areas in the Oquirrh Mountains to very large concentations in the

discharge areas near Great Salt Lake. The complexity of the system is increased by the impacts

of man-caused activities (e.g., Satt Lake City urban are4 Kennecotl other industrial uses, etc.).

The gradient of the ground water indicates that the existing tailings imFoundment is located in an

area of ground water discharge. Ground water in discharge areas generally contains conce,ntrations

of inorganic constituents that are greater than in recharge areas. Concentations are greater in
discharge areas because of the longer residence times (i.e., time in contact with water-bearing
layers of rock) and greater opportunity for chemical interactions of the ground water with the
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r I aquifer geology, evapofianspiration, and other mechanisms. Ground water quality near Great Salt

t 
2 Lake is degraded nahually because of the presence of waporites (i.e., inorganics and metals) in

I 3 the geologic formations.

l4
t 5 Characteri'ing the background ground water quality in the area is difficult due to many factors,

- 6 hclu.ling:

l7

I $ r lack of historical water quality data prior to development,

I ) o influences from modem urban and agricultural activities,

I l0 . wide variety of existrng geologic and hydrogeologic environmenB,

t I I . large chemical concentation gradients between recharge and discharge areas,

I 12 . degradation by waporation of ground water discharged to alkali flats,

I 13 . degradation by brines and aerosols from Great Salt Lake,

I 
14 . variations in aquifer matix, and

I 15 . completion of wells in different aquifers of different lithologic units within the same aquifer.

r16
I 17 Background water quality has been estimated using analytical results for samples collected from:

-18
t 19 . monitor wells,

I 20 . editing data to eliminate outliers or points obviously affected by human disturbances, and

t 27 . s5ing a probability method to identi$ characteristic chemical populations.

122
I 23 A comprehensive waluation of background ground water quality is currently being prepared by

I 24 Shepard Mller, Inc. (SM) and is e4pected to be available during early 1995.

l2s
r 26 There are three ground water aquifers below the study area:

l27
fr 28 . the principal aquifer

I 29 . the bedrock aquifer

,- 30 . the shallow aquifer

I31
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In general, the general trend in ground water chemisty is from sodium-calcium-carbonate-chloride

water in the bedrock aquifer to sodium chloride water in the shallow aquifer near Great Salt Lake.

General water quality in each of the three aquifers is summariz.ed n the following paragraphs.

Background TDS, pll and metal conce,ntrations in the bedrock aquifer are suilnarized in Table

3-5.

Table 3-5

Background Ground Water Qudity in frre Bedrock Aquifer

Constituent Summary 
" "**",-doff;;.,:ff Q'rality in the Bedrock

Utah

GWQS

Mean Minimum tvla.ximrm Staodaxd

Dwiation

pH 6.5 - 8.5 7.394 7.2 7.6 0.117

TDS 1498 656 2376 457.5

Antimony 0.020 <0.005 0.229 0.063

Arsenic 0.050 0.006 4.003 0.012 0.003

Bariun 1.0 0.053 0.02 0.130 0.026

Beryllium 0.001 <0.002 {.005 o.002

Cadmium 0.010 0.002 <0.001 0.008 0.002

Chromiucr 0.050 o.007 0.002 0.016 0.004

Copper 1.00 0.008 0.002 0.020 0.005

I'ead 0.050 0.001 <0.001 <0.005 0.001

Molvbdenrrm 0.009 0.003 0.020 0.006

Nickel 0.009 <.001 0.052 0.014

Seleniun 0.010 0.01s <0.002 0.046 0.015

Silver 0.05 0.002 <0.001 <0.01 0.002

Zrnc 5.0 0.018 0.007 0.040 0.009

Note: Data are from the November 1993 Ground Water Quatity Discharge Permit Application
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General observations about ground water quality in the bedrock aquifer include:

' TDS concentrations range from about 650 milligrams per liter (mg/l) in the Oquirh Mountains

to about 2400 mg| near the North Concentator.
. Measured pH values range ftom 7,2 to 7.6.

. Arsenic concentrations range from less than detection (<0.003) to 0.012 mgA.

' Metals that exceed Utah Groundwater Quality Protection (GWQP) standards at some locations

include arsenic and selenium.

Background ground water quality in the princrpal aquifer is summariz-ed inTable 3-6.

Table 3-6

Background Water Quality in the Principat Aquifer

Constituent Summary of Backgrounj Ground Water eualif in the hincipal
Utah Mean Minimum Ivlaximum Standard

pH 6.5 - 8.5 7.6 6.93 8.6 o.357
TDS 657? 854 44630 8271
Antimonv 0.030 <) oo5 0.39 o oR4
Arsmin 0.050 o.o7r o.o0r o.437 0.100
Barium 1.0 o t),1 <0.01 I R90 o.229
Bervllium 0 00r <0-002 <) oos 0.001

Cadmium 0.010 o.ool <0.ool 0.01I 0.002
Chromium 0.050 0.o04 <0.002 0.068 0.007
Coooer I _00 o.o32 o oo) o.210 o o?R

Lead 0.050 0.001 <)_oor 0.003 0.001

Molvbdenum 0.o02 <0.001 0 0?_1 o.oo2
Nickel 0 004 <).001 o o?o 0.006
Selenium 0.010 0 006 <0.002 o_04s o-009
Silwm 0.05 0.001 <0.001 <)_01 0.002
7i <n A A'" <n nn< n.ra1 n nlt

Note: Data are from the November 1993 Ground Water Quality Discharge permit Application
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General observations about ground water quality in the principal aquifer include:

' Background mS concentrations range from about 850 to more than 40,000 mgll and generally

increase from south to north, towards Crreat Salt Lake..

. In the Great Salt Lake are4 chloride is the primary constituent of TDS.

' Background arse,nic, barium, cadmium, chromium, and selenium exceed the Utah ground water

quality standards (GWQS) at some locations.

' There is no apparent correlation between TDS and arsenic or selenium conce,lrfiations.

Background ground water quality in the shallow aquifer is summarized in Table 3-7.

Table 3-7

Background Ground Water Quatity in the Shallow Aquifer

Constituent Summary of Backgrormd Grormd Water Quatity in the Sballow Aquifer (mglt)

Utah GWQS Mean Minimum Manimum Standard

pH o.) - d.) t.taz 6.56 8.3 0.396

TDS 22373 566 2t7020 34842

Antimony 0.040 <0.005 1.055 o.o2z8

Arsenic 0.050 0.043 <0.001 0.198 0.056

Bariun 1.0 0.737 {.01 t.42 0.286

Beryllium 0.002 <0.002 <0.005 0.001

Cadnftrrr 0.010 0.002 <0.001 0.016 0.002

Chromft:m 0.050 0.004 <0.002 0.o47 0.005

Copper 1.00 0.1l8 0.002 0.770 0.178

L@A 0.050 0.001 <0.001 o.o22 0.002

Molybdenum 0.012 <0.001 0.053 0.049

Nickel 0.006 <0.001 0.033 0.007

Selenium 0.010 0.005 <0.002 0.04 0.009

Silver 0.05 0.002 <0.001 0.003 0.002

Znc 5.0 0.022 0.006 0.130 0.019

are
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General observations about ground water quality in the shallow aquifer include:

. TDS concentrations range up to more than 200,000 mdl in areas near Great Salt Lake.

. The largest TDS concenfiations observed in the shallow aquifer are associated with alkalai flats

of Crreat Sdt Lake.

. Background concentrations of arsenic, bariuno, cadmium, and selenium exceed Utah GWQP

standards at some locations.

. There is no apparent correlation between TDS and a$enic, cadmium and selenium

concentrations.

Ground water in the Great Salt Lake area is curre,ntly unclassified by the Utah Department of

Environmental Qudity (LJDEQ), Division of Water Quality (DWQ). Based on criteria set forth

in the Groundwater Quality Protection Regulations and a review of probable background

conditions, a preliminary classification of the aquifer system is recommended by Kennecott in the

November 1993 Groundwater Discharge Permit Application. This recommendation is to classifr

the majority of the shallow aquifer as Class ry. In addition, the Principal Aquifer nearest to Great

Salt Lake should be classified as Class IV aquifer, and areas near the Oquirh Motmtains should

be Class II, with a Class III tansition zone between the two areas. These classifications are

defined in the Crround Water Quality Protection regulations as follows:

Class II - Drinking Water Quatity Ground Water - Ground water with TDS greater than 500 and

less than 3,000 mg/l and no contaminant conce,ntations that exceed ground water quality

standards.

Class III - Limited Use Ground Water - Ground Water that has TDS between 3,000 and 10,000

mgll or has one or more contaminants that exceed the ground water quality standards.

Because of the higher TDS and/or presence of significant lwels of contaminants the water is not

suitable for drinking water but can be used for some agricultural or industial uses.
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r I Class fV - Saline Ground Water - Ground water with TDS over 10,000 mg/l composes this

1a 2 class. Class IV ground water is addressed on a case-by-case basis.

l3

11 4 Unclassified Ground Water - Unclassified designates ground water that has not been classified

t 5 as Class I through Class IV. The quality of ground water will be protected to a degree

I 
6 commensurate with current and probable future beneficial uses of the ground water as determined

I 7 by the exist'ng ground water quality in unclassified areas.

-8
t 9 No water lsers or supply wells have been identified to date within a 2-mile radius downgradient

I l0 (north) or cross gradient (west and east) of the current or proposed eryanded Tailings

t ll Impoundment.

r12
I 13 3.33.4 Environmental Consequences

-14
I 15 Impact Tyoes

r16
l| 17 Impact types include potential changes in:

-18
I 19 . ground water quality of underlying aquifers caused by seepage of

I 20 - water used to slurry tailings to the impoundmeng

I 2l - leachate generated by tailings,

I 
22 - interstitial pore water within and leachate generated by the phosphogypsum tailings at the

I 23 former Chewon Phosphate Plant,

I 24 - leachate ge,nerated by slag to be used in drainage blanket, and

I 25 - leachate generated by resolution of sodium chloride from former evaporation ponds of the

I 26 former Morton Salt property;

I 27 . beneficial use of ground water; and

- 28 . the loss of some monitor wells and installation of new wells.

l2e

I
I
I
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r I Impact Locations

r2
r 3 Impact locations include the following:

r4
I J ' fooprints of the existing tailings impoundment and North Expansion West altemative,

I 
6 . drainage blanket collection ditcb" and

f 7 . springs and seeps to the north of the altematives.

r8
t 9 Intensi& and Duration of Impacts

rlO
t 1l The intensity and duration of the tlpes of pote,ntial impacts identified above are waluated in the

11 12 following paragraphs.

r13
I 74 Pote,lrtial Imoacts of Water Used to Slurrv Tailines

r15

I 
16 The existrng tailings imFoundment and proposed North Expansion West altemative have the

l' 17 capacity 16 impact ground water quatity through seepage of water used to slurry tailings. This

I 
18 potential impact is waluated, io pu+ by comparing water quality data for slurry water to

a 19 background water quality in the shallow aquifer.

r20
a 21 Tailings are slunied to the existi.g tailings impoundme,lrt at a rate of 45,000 to 60,000 gpm.

I 
22 Water used to slurry lailings is derived from many sources including an integrated water recycling

f| 23 system" ground water discharged from springs and produced from wells in the Bedrock Aquifer

I 24 and the Principal Aquifer, water produced from mining operations, and water obtained from canals.

t 25 Water used to slurry the tailings has TDS concenfiations of 4,000 to 6,000 mg/I. 'Water used since

I 
26 the early 1980s to slurry tailings has slightly greater TDS concentrations than prior to the early

I 27 1980s. TDS concentations increased as the result of greater recycling of process water md other

I 28 changes to confiol discharge. Analytical results for Kennecott tailings water sampled at UDP 002

I 29 are summarized and compared to mean concentrations in the Shallow AErifer in Table 3-8.

-30
I

I
I
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Table 3-8

Tailings Water Compared with Ground Water Quality

Constituent Utah

GWQS

(ne/l)

Mean

Concentations in

Shallow Aquifer

(a) (nen)

Kennecott Tailings

Water Sampled at

rrDP 002 (b)

(nen)

pH 6.5 - 8.5 7.502 6.8 Qab) 7.51

(field)

TDS 22,373 4300

Arsenic 0.0s0 0.043 0.003

Barium 1.0 0.137 0.ll

Cadmfurm 0.010 0.002 4.005

Chromfurm 0.0s0 0.004 <0.01

Copper 1.0 0.118 4.01

I.ean 0.050 0.001 4.02

Selenium 0.010 0.005 <0.026

Silver 0.05 0.002 <0.01

Zinc 5.0 0.o22 <0.01

(a) Data are from the November 1993 Ground Water Discharge Permit Application

(b) Data are from SMI (l99aa)

Because TDS in water used to slurry the tailings are zubstantially less than and metals

concentations are less than or similar to concentations in the shallow aquifer, the slurry water is

not expected to result in increased TDS or metals concentations in the shallow aquifer. If slurry

water were to seep into the shallow aquifea then the seep€e would be expected to reduce TDS

and possibly metals concentrations and cause a overall improvement in water quality.

I
I4
ls
l6

7

l8
l,;
lrl

12

t13
l4

15

16

t7

18

19

20

21
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I
I
I
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Potential Groundrvater Impacts Due to Tailines

Tailings ge,nerated by minel{ processing are slurried to the tailings impoundment. In addition, the

tailings impoundment receives or has received material from: slag tailings from the slag

concentrator, treated effluent from the Water Treatuent Planq power plant ash slurry from the Utah

Power Plant, constnrction, maintenance and lunch room trash" and stabilized sludge from the

Kennecott wastewater teatnent plant. Material from these other sources total less than one

percent of the total tailings, and all of these dischaxges are permitted.

Some concem has been expressed by the age,ncies and the public that &e existirg trilings
impoundment and proposed North E4ansion West altemative has the potential to imFact ground

water quality through the generation of leachate containing increased concentations of metals and

other constituents and the seepage of ftis leachate into the underlying ground water. The following

paragraphs evaluate: 1) the potential for metals to be leached from the ta:lingsi and 2) the

potential for leachate generated in the tailiags to seep into fre underlying grormd water.

A total of 29 samples were collected from the surface of the existrng tailings imFoundment by the

Utah Bureau of Solid and Hazardous Waste (BSHW). These data are compared to average westem

soil (Shacklette and Boemgen, l9S4) and to native soils under the exisring tailings imFoundme,lrt

in Table 3-9.

Results for I I I subsurface tailings samples collected from boreholes yielded similar

concentations. These data indicate than the observed concentrations of these metals irre very

5imil61, with the exception of copper, in native soils and tailings. As expectd tailings from a

copper mine are enriched in copper.
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Table 3-9

Metal Concentrations in Tailings

Acid Generation Potential

In-sin (i.e., in place) chemical weathering of the tailings could potentially result in the release of

metals and other tailing constituents into the tailings pore water. The primary chemical mechanism

for the in-siu weathering is the oxidation of minerals contained in the tailings, primarily sulfide

minerals. When these minerals are oxidized, a low-pH solution can be formed. This low pH

solution could then leach metals from the remaining tailings.

Kennecott retained Sheppard Mller, krc. (SM) of Fort Qsllins, Colorado and Shaffer and

Associates of Bozeman, Montana to conduct studies to evaluate acid generation potential of the

ls
l:
l8

9

lro
l::
I ::,

tl:
ll;
l::
l::
I 'r'o

125
3-78I

I

Metal Average

Westenr

Soil (a)

20 Native Soil Samples Collected Over

a 100-Foot Interval Under Tailings

Impormdment (nelkg)

29 Surface Tailings Samples Collected by

the BSHW dudng 1988

(ng1kg)

Mean Minimum lvlaximum Mean Minimum lvlaximum

Arsenic 7.2 t4 4 42 6.2 4.2 2l

Bariurr 670 130 )) 370 NA NA NA

Cadminm NA 0.55 <0.5 370 0.5 0.4 0.5

Chromfu:m 56 34 ZL I 43 6 63

Copper 27 l6 I 64 t476.6 780 2600

Lead 20 ll 5.6 32 10.8 4.6 39

Sele,nium 0.34 0.2 <0.4 <o.4 NA NA NA

Ztnc 65 54 28 97 29.2 l5 63

NA = Not analvzed
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existing tailings impoundment and the proposed North Expansion West alternative. These studies

have included:

. Static testing by acid base accounting methods using 260 samples collected from the existing

tailings impoundment,

. Kinetic testing using humidity cells to simulate weathering,

. Field studies on existrng tailings iosluding:

- vegetation studies,

- lysimeter sampling,

- moisture profiles,

- gas profiles, and

. Monitoring of a test fill area

Preliminary results of these laboratory and field studies indicate that:

. oxygen conte,nt in pore water decreases rapidly with deptb,

. the oxidation front will migrate slowly downward with time,

. downward migration of the oxidation front will be imFeded by the presence of saturated layers

within ifie leilings,

. interior areas of the existing tailings imFoundment are not expected to acidifu due to a lack of

oxygeq

. local areits on tailings zurface may dwelop low pII,

. lateral seepage of alkaline tailings water will prevent acidic conditions from dweloping,

. step-back axeas rnay dwelop local areas of acidic conditions, but not for mmy years, and

. an increased risk of acid generation exists for the North Expansion West alternative areas

because of underflow which ssfiains relatively more pyrite.

Results of these ongoing studies of acid generation potential are expected to be summarized in a

report to Kennecott in mid-1995.
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Acidification of tailings requires oxygen to be infioducted into the tailings. The existrng tailings

water is generally o)irygen deficient. Any water added to the impoundment surface would carry

some o).ygen into the tailings; howwer, the amount of orygen that can be carried into the tailings

is ortremely restricted due to the small flow of water infiltration through the ailings. The slow

rate of water flow through the tailings is indicated by:

' profiles of titium concentations in teilings water which indicate very little vertical mixing, and

. the great difficulty experienced by Kennecott in dewatering the tailings.

Any acidic water generated be neutralized in the shallow portions of the aquifer.

Although preliminary results of studies conducted by SMI and Sheppard & Associates indicate that

the pote,lrtial exists for acidic solutions to form; water quality data collected in and on the exisfing

lailings imFoundment has nwer shown potential acidic conditions to exist. Water in contact with

lailings for more than 40 years has neufial to basic pH with no widence of acidification or

leaching of metals from the ailings. Water quality in wells completed in the existing tailings

imFoundment are summarized in Table 3-10.
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Table 3-10
Tailings Water Quality

Note: Data are from the lvlay 1994 Addendum to the November 1993 Ground Water Quality Discharge Permit Application

In summary, with the exception of copper, the trace metal composition of the tailings, as indicated

in Table 3-9, is very similar to that of native soils. Whereas, the acidification of tailings water is

a pote'ntial concem, Kennecott studies indicate that ftis has not occrured in the impotmdment to

date. Furthermore, the o<tremely slow rate at which the acidification may occur and the ultimate

fate of these solutions generally alleviates the concem.

Constituent Summary of Water auanty in the Tailings Impoundment (mgll)

Utatr GWQS Mean Minimum lvtarimum Stondard
Dwiation

pH 6.5 - 8.5 7.3 6.9 8.8 0.40

TDS 5600 3700 7000 1040

Antinony 0.010 <0.004 0.211 0.039

Ars€Nlic 0.050 0.0418 0.008 0.107 0.024

Barium 1.0 0.0.0257 0.01 0.07 0.014

Beryllfu:m 0.0.0012 <0.w2 <0.005 0.00

Cadmft:nr 0.010 o.0016 <0.001 0.009 0.002

Cbroniurr 0.050 00.0043 <0.002 0.023 0.006

Copper 1.00 0.211 0.004 0.09 0.017

I.ead 0.050 0.001 <0.001 0.003 0.001

Molybdenurr o.7945 0.019 2.01 o,524

Nickel 0.0228 <0.001 0.08 0.02

Selenh:m 0.010 0.0063 <0.002 0.02 0.005

Silver 0.05 0.001 {.001 {.01 0.001

Zin,c 5.0 0.1036 0.011 1.133 o.20
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Physical Barriers to Flow underlying the Existing Tailings Impoundment

As discussed earlier, the relatively small vertical hydraulic conductivities and relatively larger

horizontal hydraulic conductivities of the tailings and underlying Bonneville Clay result in water

flow that is outward toward the drainage blanket. The physical properties of the Bonnwille Clay

are sunmfiized by Woodward-Clyde in "Report Continuity of the Upper Bonnwille Clay,
Kennecott Tailings Modenrization Projec!" dated August 24,1994. This report was submitted as

an addendum to and in support of the November 1993 Ground Water Quality Discharge permit

application. Observations about the Bonneville Clay are summarized as follows:

' The upper Bonnwille Clay is generally 9 feet thick and consists of clay and silty clay wift
occasional +hin (<l/2 to 2 inches) discontinuous sand beds that were deposited during the deep

lake interval of the Bonnerdlle Lake Cycle;

' A number of thicker sand beds have been encormtered in the lower Bonnwille Clay;

' The upper Bonneville Clay appears to be continuous across the entire North E;palrsion West

altemative area based on extensive subsurface oploration conducted by Woodrvard Clyde

Consultants and others at the project site and the geological environment in which it was

deposited;

' Vertical hydraulic conductivities of the upper Bonneville Clay range from 3xl0't cm/s down

to 4xl0-8 cm/s where the Bonnwille Clay is overlain and compressed by the Existing Tailings
Tmpotrndment;

' Desiccation cracks are present but discontinuous and generally do not extend across bedding

planes; and

' Desiccation cracks are e:gected to close upon wetting by placement of tailings.
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Summary of Potential Ground Water Tmpacts Due to Tailings

In summary, water quality data indicate that the existrng tailings impoundment has not impacted

ground water quality in the area- The lack sf impacts is due to:

. relatively good quality of water used to slurry tailings compared to the poor quality of water

in the Shallow AErifer in the area of the existrng tailings impoundment which is a discharge

area for the shallow aquifer,

. chemical properties of the ailings 6d lailings water which prevent the development of acidic

conditions and leaching of metals,

. the chemical composition of the tailings which, with the exception of copper, is very similar

to native soils in the area"

. the small vertical hydraulic conductivities and poor drainage characteristics of the tailings

which limits the vertical movement of wafer within the tailings, and

. fts 5mall vertical hydraulic conductivity and relatively larger horizontal hydraulic conductivity

of the shallow aquifer which promotes horizontal flow of water to the drainage system-

Potential Impacts of Phosphoeypsum Stack

The phosphogypsum stack occupies approximately 300 acres at the former Chernon Phosphate

Plant. Implementation of the Norlh Expansion West altemative will result in more thm 200 feet

of tailings being placed directly on the phosphogypsum stack. Potential impacts to ground water

quality which could result from this action include:

. the flushing out of interstitial (in between the spaces) pore water from the phosphoglpsum

stack which is acidic (pH around 2) and which contains elevated concentations of metals and

other inorganic constituents,
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leaching of metals from the phosphogpsum stack solids, and

the leaching of radionuclides from the phosphog5psum stack.

A leachability shrdy was conducted by SMI (1994a) to:

' Measure the extent and rate at which the phosphogypsum stack solids will dissolve in

Ke,nnecott tailings water, and

' Determine if the phosphogypsum stack materials would impact adjacent surface and ground

water if dissolved.

To achieve these objectives samples of phosphogypsum stack solids and Kennecott tailings water

were collected and analyzed" solid samples were leached wift the tailings water, and geochemical

modeling was conducted. Phosphogypsum stack sohds composition is summarized in Table 3-ll.
Table 3-11

Metd Concentration in Phosphogypsum Stack Sotids

(b) Slvll (lee4a)
NA = Not anety?;d

SMI (199aa) also reported a saturated-paste pHforthe phosphogypsum stack solids of2.5 to 5, indicating acidic conditions.

Portions of phosphogypsum stack samples were leached using Kennecott tailings water for

hours. Samples of the leachate were then analyzed. Reported concentrations of metals

o

o

12

in

3-84

Metal Average Westem Soil (a) MrDilmum Uonc€otratrons u.3 Samples of
Phosphogypsum Solids (melkg) O)

Arsenic 7.2 20
Cadnrum NA 4l
Chromium 56 96
Copper 27 28
Lead 20 24
Mercury 0.065 0.03
Selenium 0.34
Zirc 65 110
Radium-226 NA 9.55 pCrlg
Radium-228 NA 4.2pCtlg
Total Uranium 2.7 4.64
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Kennecott tailings water (the leaching solution) ile compared to conce,lrtrations in leachate in Table

3-t2.

Table 3-12
Leaching Test for Tailings Water

Comparison of the leachate generated from the phosphogypsum stack solids to the Kennecott

tailings water (leaching solution) indicates that: 1) pH was reduced from 6.8 (7.51 in field) to 3.5

to 4.7;2) concentrations of major cations and anions increased by 10 to 25 perce,nt; 3) cadmium,

chromiunq copper, mercury, lead and zinc were less than detection in the tailings water but

detected in the leachate; 4) saliniSr increased about 10 to 20 percent; 5) uranium, fluoride, and

tadntm'226 stayed relatively unchanged or decreased zubstantially; 6) an insoluble residue of
quartz and illitic clay remained after dissolution of the gypsum.

Constituent Ke,nnecott Tailings Water Sampled
at IIDP 002 (mg/l)

I,ex.chato Generated Using
Kennecott Tailings V/ater (mgn) (a)

pH o.d (rab) '/.)l tleld J.) to 4.1
TDS 4300 4516 to 4641
Calcim 558 673 to 697
lvlagnesirrm 130 l3l to 147
Sodium 483 472 to 543
Potassium 66 85 to 90
Alkalinitv 36 ND to 20
Chloride 950 1080 to 1120
Sufiate lE46 2116 to 2132
nuoride 5.2 1.2 to 18.3
Silica 2.6 8.7 to 24.3
Arsenic 0.003 0.012 to 0.66
Barium 0.11 0.02 to 0.10
Cadmium <0.005 0.022 to 0.689
Chromium <0.01 <0.010 to 0.010
Copper <0.01 {.01 to 0.34
Iron <0.02 <0.01 to 0.555
l-"ad <o.o2 {.001to 0.084
Mercury <0.0002 4.0002 to 0.0011
Selenium <o.026 0.046 to 0.10
Silver <0.01 4.010
Zil.c, <o.01 0.06 to 0.60
Total Radium 2.53 pCt/l 0.55 to 2.44 pCtll
Uraoium 18.9 <l to 23

(a) Range is for leachate generated from the three phoqphogypsun stack solid mmples (SMI, 1994a).
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These data indicate that:

' the Kennecott tailings water will cause some dissolution of phosphog)'psum stack solids,

' dissolution of solids will result in decreased pH and increased conce,ntrations of some

constituents including fluoride, arsenic, cadmium, and copper in the tailings water, and

' an insoluble residue of quartz and illitic clay will remain after dissolution of phosphogypsum

stack solids.

The potential for radionuclides to be released from the phosphogypsum stack was evaluated for

Kennecott by SM (1994b). Radium-226 and radium-228 and uranium have been detected in

phosphogypsum stack solids and interstitial water. Three wells completed witrin the

phosphogppsum stack were sampled and nalyznd for radium-226, radnm-228, and uranium-

Radium-228 was detected in one of three samples at3 pCrA. Radium-226 was detected in all6ree

samples at an average concentration of 6.4 pCi/l verzus 2.7 pCrA in the underlying shallow aquifer.

Uranium was detected in all three phosphog)?sum stack water samples at an average concentration

of 0.82 mg/l versus generally less than detection (<0.005 mdl) in the shallow aquifer.

Concentrations of these radionuclides in the phosphog5psum stack solids are listed in Table 3-12.

Leaching tests described above indicate that radium-226 anduranium concenfiations may acttrally

decrease in the leachate versus the tailings water used for leaching.

The ionic mobility of the radionuclides is controlled by interactions between tailings water,

phosphogypsum stack solids, andunderlying materials. Concenfiations ofradionuclides inleachate

are reduced by chemical reactions, adsorption, and ion exchange with leaching residue and

underlying foundation materials. Clays have a large capacity for ion exchange due to their large

surface area" Leaching tests produced an insoluble residue consisting of illitic clay and qtar%.

Adsorption coefficient (IQ) values in excess of 100 mUg are reported for desert clays (Arthur D.

Little, l97T and Utah soils @PA, 1978). Large IQ values (139 mVg) have also been reported for

uranium in illitic clays (Rancon, 1973).

Site data indicate that radium and uranium are stongly adsorbed to not likely to migrate from the

phosphoglpsum stack. In addition, neutralization of the acidic fluids wiftin the gypstack by the
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alkaline tailings water is likely to result in precipitation of iron hydroxide and coprecipitation of

radium and uranium and provide additional surface area for adsorption ofthese radionuclides.

Ongoing studies of radionuclide mobility include the collection of soil samples from the Bonneville

Clay which underlies phosphoglpsum stack for analysis of radium and uranium- The purpose of

this investigation is to see if these radionuclides exist at increased concentrations in the zubstrate

as would be expected by the geochemical evaluation described herein. Results of ongoing

investigations are erpected to be available later in 1995.

The characteristics of water flushed from the phosphogypsum stack was evaluated for Kennecott

by SM (l99ac). Preliminary results of geochemical modeling cunently being performed by SMI

(l99ac) indicates that the acidic water in the phosphoglpsum stack will be replaced by fte alkalins

tailings water; and that sulfate concentrations will decrease to concentrations observed in Kennecott

tailings water after about 5 pore volumes of tailings water have been flushed througb.

Placement of tailings 6d lailings water on the phosphoglpsum stack is opected to have minimal

impacts to ground water quality in fte area due to the presence of chemical and physical barriers.

A physical barrier is created by the relatively small vertical hydraulic conductivities of the

underlying Bonneville Clay (<1x10-6 cm/s) and larger hydraulic conductivities of the overlying

phosphogprpsum stack (up to 6x104 crn/s). The contrast in hydraulic conductivities will result in

radial flow of water out towards the drainage blanket. Even though the primarily direction of flow

will be horizontal versus vertical, some water could flow down into the underlying Bonnwille

Clay. Howwer, the Bonneville Clay contains large amounts of calcium carbonate (17.8 to27.9

percent) which is expected to buffer the acidic water from the phosphogppsum stack. Overtimg

alkaline lailings water will displace acidic phosphogypsum water.

Potential Impacts of Slae for Drainase Blanket

A drainage blanket will be constnrcted of slag materials produced by KUC smelter operations.

This material is cunently held in stockpiles north of the smelter and west of the existrng
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impoundment and will be crushed and screened prior to tansport to the drainage blanket

constnrction area. A large database exists for the leachability of the slag materials. Kennecott is

currently consolidating and updating these data which indicate that the slag will not generate a

leachate that will impact ground water quality.

Potential Imoacts of Evaporation Ponds

Evaporation ponds at the former Moron Salt Plant will be covered by the proposed North

Expansion West altemative. Because the dominant mineral in the evaporation ponds is sodium

chloride, which is very soluble, water that contacts this material is expected to increase in sodium,

chloride, and TDS concentations. This increase in concentrations is o<pected to be a transient

condition and is not expected to impact ground water quality.

Potential Chanse to Be,neficial Use of Ground Water

Beneficial uses of the waters of the State of Utah are defined in the Utah Water Quality Standards

to include wildlife, fish and aquatic life, domestic, agricultual, industrial, recreational, and olher

legitimate uses. No domestic, industial, recreational or agricultural ground water users or supply

wells have been identified to dsls within a 2-mile radius downgradient (north) or cross gradient

(west and east) of the existing impoundment or proposed North E;pansion West. Cround water

downgradient from the existing tailings impoundment is discharged to these areas generally has

TDS concentations in excess of 10,000 mgll. Because ground water quality is not opected to be

impacted by the existing tailings impoundment or the proposed north expansion area, beneficial

use of ground water is not eryected to be changed.
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Loss/Replacement of Monitor Wells

Constnrction of North E><pansion West altemative will result in the need to abandon and replace

some monitor wells. Wells will need to be abandoned to allow for the constnrction of the

altemative. 1[s imFacts of the loss/replacement of monitor wells is not opected to be significant.

3.3.35 Comparison of Alternatives

Tmpacts associated with the No Federal Action and the North E:pansion West altemative are

compared in Table 3-13.

No tr'ederd Action

With No Federal Action, tailings would continue to be discharged to and raise the elwation of the

existing tailings impoundment. Water quality data indicate that the existing tailings imFormdment

has not impacted ground water quality in the area- The lack of impacts is due to:

1) relatively good quatity of water used to slurry tailings compaxed to the poor quality of water

in the shallow aquifer in the area of the existing tailings imFoundment which is a discharge area

for the shallow aquifer,

2) chemical properties of the tailings and tailings water which prwent the dwelopme,lrt of acidic

conditions and leaching of metals,

3) the chemical composition of the tailings which" with the exception of copper, is very similar

to native soils in the are4

4) the small vertical hydraulic conductivities and poor drainage characteristics of fte tailings

which limits the vertical movement of water within {1s lailings, and

5) the small vertical hydraulic conductivity and relatively larger horizontal hydraulic conductivity

of the shallow aquifer which promotes horizontal flow of water to the drainage system-

Implementation of No Federal Action is not opected to cause additional impacts to ground water

quality. No monitoring wells will need to be abandoned or replaced to implement this altemative.
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North Expansion West Alternative

With the North E:<pansion West altemative, tailings would continue to be discharged to the exisfi.g

tailings irnpoundment until a ma><imum height of 250 feet is reached. A new 3,294-acre

impoundment immediately adjacent and to the north of the existi.g tailings impoundment would

be constnrcted. This area is underlain by a continuous 9-foot thick layer of fte Bonnwille Clay.

The new tailings imFormdment would be 250 feet high and would cover tre waporation ponds at

the former Morton Sdt Plant and the phosphogypsum stack and other features of the former

Chexrron Phosphate Plant.

The placement of tailings and tailings water placed on the North E:qansion West altemative is

expected to hare minimal impacts on ground water quality in the area due to:

. the small vertical hydrautic conductivities (3x10-6 to 3xl0-7 cmls) and poor drainage

characteristics of the tailings which limits the vertical movement of water within the tailings,

. the relatively larger horizontal hy&aulic conductivities (5x10'5 to 4xl0'3 cm/s) small vertical

hydraulic conductivities (4x10-8 to 3xl0-7 cm/s) of the underlying Bonneville Clay which

promotes horizontal flow of water to the drainage system,

. relatively good quality of water used to slurry tailings compared to the poor Erality of water

in the shallow aquifer in the area of the proposed North Eryansion West dternative which is

a discharge area for the shallow aquifer,

. chemical properties of the tailings and tailings water which preve,nt the dwelopme,nt of acidic

conditions and leaching of metals, and

. the chemical composition of the ailings which, with the exception of copper, is very similar

to native soils in the area

Tmplementation of fte North Expansion West altemative will result in more than 200 feet of

tailings being placed directly on the former Cherrron Phosphate Plant. Placement of tailings and

tailings water on the phosphogypzum stack is expected to have minimal impacts to ground water

quality in the area due to the presence of chemical and physical barriers. A physical barrier is
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created by the relatively small vertical hydraulic conductivities of the underlying Bonnwille Clay

(<1x10-6 cm/s) and larger hydraulic conductivities of fte overlying phosphogppsum stack (up to

6xl0a cm/s). The confiast in hydraulic conductivities will result in radial flow of water out

towards the drainage blanket. Even though the primarily direction of flow will be horizontal

versus vertical, some water could flow down into the underlying Bonnwille Clay. Howwer, the

Bonnwille Clay conains large amounts of calcium carbonate (17.8 to 27.9 percat) which is

orpected to buffer the acidic water from the phosphogypsum stack. Overtime, alkaline tailings

water will displace acidic phosphog5psum water. Preliminary results of modeling performed for

Kennecott indicates that water in the phosphogypsum stack will be flushed to the drainage blanket

within about l0 years.

Monitor wells for this altemative ile to be established in various places within the new

impoundment (as shown on Figure l-2). A total of four wells were identified for abandonment

and replacement in the May 1994 Addendum to the Ground Water Discharge Permit Application

1s implement this altemative.

Comparison of Altematives

Potential Impacts of No Federal Action and proposed Noah Expansion West altemative are

compared in Table 3-13.

Proposed mitigation includes controls of discharges to ground water md monitoring of grormd

water. The underlying Bonneville Clay will act as a natral liner and provide the needed

resfriction of vertical flow to limil disslarge of tailings water to ground water. Radial flow out

from the existing tailings impoundment will be captured by the drainage blanket and reused as

process water.

A ground water monitoring progam is proposed in the November 1993 Grormd Water Discharge

Permit Application and in zubsequent ll.{ay 1994 Addendum- Exact locations of monitor wells,

analpical pararneters, monitoring frequencies, and protection lwels will be specified by the DWQ

in the Ground Water Discharge Permit is iszued
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Table 3-13
Potential Ground Water Qudity Tmpacts

Potential Impact Comparison of Alternatives

No Federal Action North Expansion
West Alternative

Potential for Tailings Slurry
'Water to Degrade Ground
V/ater Quality

No Significant Impact No Signifrcant TmFact

Potential for Leachate to be
Generated by Tailings and
Degmde Ground Water

Quality

No Significant Impact No Significant ImFact

Potential for Phosphogypsum
Stack Water and Solids to
rmFact Crormd \Mater Quality

No Impact Limited ImFact

Potential for Slag in lhainage
Blanket 1s Tm.pact Ground
Water Quality

No Impact No Impact

Potential for Evaporation Pond
Solids to Inpact Grouod
Water Quality

No Significant Impact No Significant Impact

Loss/Replacement of Monitor
Wells

No Impact Minor Impact

Potential for Beneficial Use of
Local Ground Water to Be
Cbanged

No Impact |rfs ImFact

3.3.4 Pronosed Mitisation

3.3.4.1 Surface Water

The existing wetlands mitigation plan will address mitigation for the wetlands to be displaced by

fte imprint of the new impoundment and relocated utilities, railroad and sedimentation ponds. It

is not expected that additional mitigation, beyond the current plan, will be proposed for mitigation

of the displaced wetlands.
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The net result of the proposed eryansion would be a decrease in total contaminants discharged to

Great Salt Lake due to the effective closure of the former salt waporation ponds. While quality

of water in the C-7 West Ditch discharge would decrease due to lower flows, total contaminant

discharges to the lake would decrease. Flow at the Lee Creek outlet would increase to an average

of near 100 cfs, but the elimination of discharges from the former salt evaporation ponds would

result in much higher water quality at this discharge.

The issue of whether the change in water quality at the C-7 West Ditch discharge point would

affect wildlife or wildlife habitat is addressed in Section 3.2.

The likely rezult of further strdy, based upon data rwiewed to date, is ftat there will be a

significant increase in flow in lower Lee Creek" with a significant imFrovement in water ryAity
in terms of TDS. The likely change in water quality as relates to frace metals is indeterminate at

ttris time (see "Data Gaps" below). Flow at the existing discharge point into Great Salt Lake will

decrease in quantity and, probably, quality. The existing West C-7 Ditch has higher copper, lead

selenium, and zinc levels than the C-7 Ditch. The need for mitigation will depend upon an

assessment of the effect of the water quality change or regulatory compliance and on growft of

any existrng wetlands for the stetch of channel located between I-80 and Great Salt Lake at the

existing discharge point.

3.3.4.2 Ground Water

For the geochemical and hydrogeologic reasons given herein, neifter No Federal Action

(Altemative l) nor Norttr Expansion West (Altemative 5) are expected to degrade ground water

quality in the Shallow Aquifer or underlying Principal Aquifer and Bedrock Aquifer. In the

November 1993 Ground Water Discharge Permit Application and May 1994 Addendum, Kennecott

has proposed discharge contol and ground water monitoring in conjunction with contingency and

corrective action plans to: 1) aszure adequate protection of ground water quality; and 2) prwent

any impairment to present and future beneficial uses of the ground water. The permit application

is currently in rwiew by DWQ and the compliance monitoring program, discharge controls, and

contingency and corrective action plans described herein are zubject to change.
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Discharge confrol will be accomplished through: l) the presence of natural liners with small

vertical hydraulic conductivities, provides a natural liner; 2) the small vertical hydraulic

conductivity of the tailings themselves (3x10'7 to 3xl0-6 cmls); and 3) radial flow to and capture

by the drainage blanket and associated drainage ditches. The Bonnwille Clay underlies all of the

North E:4pansion West (Altemative l) and most of No Federal Action (Altemative 5).

The Bonnerdlle Clay will be used as a natural liner due to ib small vertical hydraulic conductivity

(4x10{ to 3xl0'7 cdt. According to the Ground Water Discharge Permit Application"

approximately 500 acres of the existing 1{lings Impoundment directly overlies the Bedrock

AErifer which consists of fractured quartzite, dolomite, and limestone of Paleozoic age. Dri[ing

and coring by Kennecott indicates ftat although the Bedrock Aquifer is more permeable at dept\

at the surface (now buried by tailings) fractures are filled with fine-grained sediments. The small

vertical andrelatively largerhorizontal hydraulic conductivities of thetailings andBonnerdlle Clay

promote overall horizontal flow of water. Horizontal flow is firrther promoted bythe constnrction

of drainage ditches arorurd the perimeter of each alternative.

Radid flow to the drainage ditches will be further promoted by the upward vertical hydraulic

gradient present in the area" Although vertical hydraulic gradienB are expected to be rwersed

from upward to downward under the fooprint of each altemative, the area of this rwersal is not

oipected to extend beyond the area of the impoundment. Once outside of the fooprint of fre

Tailings Impoundmen! upward vertical gradiemts will dominate and promote discharge of ground

water to the drainage ditches.

The need to implement mitigation measures will be determined by compliance with a proposed

ground water monitoring progrcrL Monitor wells are located along the boundary of each facility

and are potentially downgradient from each facility. Proposed ground water compliance

monitoring parameters include: pll TDS, sulfate, arsenic, cadmium, copper, lea4 and selenium-

Concentrations of these parameters observed in compliance monitor wells will be mmpared with

ground water protection standards to determine if ground water quality has bee,n impacted. The

DWQ will determine what the ground water protection standards are; howwer, Kennecott has

proposed that aprotection standard be established for each parameter in each well. Each protection
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I
I I standard will be equal to the mean concentation of the parameter observed in the well during a

r 2 baseline monitoring period plus two standard deviations.

I3

I 
4 If a ground water protection standard is exceeded dtuing compliance monitoring and 5 rormds of

t 5 monthly verification monitoring confirm the exceedance, then, according to the pennit application,

- 6 Kennecott will:

l7

I 
$ o Investigate the source, natrre and extent of fie release to the grormd water which may have

t 9 caused the exceedance;

I l0 . Conduct a risk assessme,nt to evaluate the need for compliance actions;

I l1 . Identi$ corrective action altematives;

I 12 . Evaluate the feasibility of corrective action altematives; and

I 13 . Tnstitute corrective action ifnecessary and practical.

14

I 15 The risk assessment will consider potential human and ecological receptors and waluate the

r 16 potential adverse effects of the release including potential or actual:

l17

I 
l8 . routes of exposure and contaminant concentations;

I 19 . effects of contamination on humans (toxicity);

I 20 . human populations at risk;

| 2l . adverse effects on affected plants, animals, ecosystems and other natural resources: and

- 22 . adverse effects on future use of ground water.

I23

I 
24 Downgradient water users md water supply wells with a 2-mile radius down and cross gradient

I 25 (noflh, west and east) from the site will be considered. No downgradie,nt ground water users or

r 26 supply wells have been identified to date.

r27
I 

28 Depending on the results of the risk assessment, Kennecott will then conduct a feasibility stttdy

I 29 to identifu and waluate potential altematives for corrective action. Suc.h a feasibility study could

30 include assessment and evaluation of:

l3r
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. monitoring to determine the potential for concentations to be reduced to below protection

levels by nahual processes;

. ground water e>rhaction;

. physical or hydraulic barriers;

. in-situ chemical stabilization; and

. petitioning the Water Pollution Confrol Committee for altemate conce,ntration limits that would

still reduce potential risks.

Results of the feasibility study would be submitted to the DWQ in the form of a corrective action

plan.

3.4 EARTH RESOURCES

3.4.1 Affected Environment

3.4.1.1 Geologr

The existing tailings impormdme,nt md the proposed expanslsa area at the norft end of the

imFoundment lie within the Jordan Valley. The Jordan Valley is bounded by two mountain renges:

the Oquirrh mormtains to the west and the Wasatch mountains to the east. Major fault zones

border the eastem slope of each of these ranges. Erosion of sediments from the adjacent

mountains were deposited within the Jordan valley througb a complex series of rising and falling

lake levels. These cycles confiolled the location, distance, and depth of sediment de,posits in fte

valley. Based on a Bouguer grarity survey, Quatemary sedime,nts wi&in the valley are up to 1250

feet thick and Tertiary sediments extend to a depth of about 4800 feet (Woodrrard-Clyde, 1994b).

The sediments fill a northwest-southeast channel that extends beneath the existing lailings

irnpoundment and proposed o<pansion area north of the impoundment. Sedime'lrt thickness

increases markedly from south to norlh beneath the current tailings impormdment.

In late Pleistocene time (10,000 to 150,000 years ago), the upper 150 feet of sediments underlying

the existi.g gilings impoundment were deposited in either deep to shallow lakes or during

interglacial periods similar to present day conditions. Quaternary sediments deposited within the
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last 30,000 yeaxs were dominated by Lake Bonneville, of which Great Salt Lake is a present day

remnant. Quatemary sediments have been divided into two subgroups: 1) Lake Bonneville and

post-Lake Bonneville deposits and 2) pre-Lake Bonneville deposits (Kloho Leonoff, 1992).

Post-Lake Bonneville deposits consist of sediments that have been re-worked by wind and flwial

transport. These deposits range in thickness from 3 to 5 feet. Lake Bonnwille sediments include

deep lake deposits of clay, silt, and fine sand. Sweral mqior rycles of expanding and receding

water levels of Lake Bonnwille affected how the sediments were deposited. At fte existing

tailings impoundment, these sediments range up to 15 feet in depth (Klohn Leonofl 1992).

Soils beneath &e Lake Bonneville deposits were deposited within the Cutler Dam and the

Interglacial and Little Valley lake cycles (Woodward-Clyde, 1994b). The Cutler Dam lake cycle

(30,000 to 45,000 years ago) deposits 61s 5imilar to the Lake Bonnwille deposits and consist of

shallow to deep lake lacustine deposits. These deposits generally range from 15 to 35 feet deep.

The Interglacial and Little Valley cycles represent interlacustal environme,nts with occasional short

lake cycles :ne composed of athick series of sediments. Table 3-14 charaoieizns the typical layers

of sediment found in the Jordan Vallev.

The existing tailings impoundment and the proposed o<pansion axea are underlain by the Upper

Bonnwille Clay zub-unit. This zub-unit averages 9 feet in thickness and consists of clay and silty

clay with occasional thin discontinuous beds of sand that were deposited during the deep lake

interval of the Bonneville Lake Cycle. The Upper Bonneville Clay appears to be continuous across

the proposed expansion area based on extensive subsurface explorations. The Upper Bonneville

Clay is underlain by the Lower Bonneville Clay, which is approximately 6 feet thick, and ge,nerally

consists of lensed clays and sands with occasional beds of sand to 6 inches thick (Woodrvard-

Clyde, 1992b).
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Table 3-14
Typical Quaternary Stratigraphy

* From Woodward-Clyde (1994b) and Kennecott (1993)

3.4.1.2 Physiography

The study area is located in the nor&west portion of the Jordan Valley witrin the Basin and Range

Physiographic Province at the northem end of dre OArirh Mountains adjacent to Great Salt Lake.

The Jordan Valley is a sediment filled basin extending from Great Salt Lake southward to the

Traverse Mountains. During recent geologic time, the dominant changes in the area landforms has

been erosion of the mountains into lakes (Lake Bonnwille) occupying the adjoining basins,

resulting in a series of shallow lake cycles followed by deeper lake cycles (SWCA, 1994c).

During shallow lake cycles, coarser grained sand deposits were deposited in the area by the actions

of the Jordan River delta^
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Lake Cycle
Mocimum
Thickness

(ft)
Depositional Characteristics Age

(1000 Years)

Bonneville 15 Lacustrine clays, silty clays,
and sandy clays;
interbedded clays and sands

l0-30

Cutler Dam 20 Interbedded lacustine clay,
silty clay, and sand.

30-4s

Interglacial Period 92 Reworked lacustine and
alluvial deposits; deltaic
lensed clay, silt and sand.
Beached sand with lensed
clay and silt.

60

Little Valley >1000 Inteftedded clays, silts and
sand (cyclic glacial shallow
to deep lacustine, and
interglacid delaic deposie)

120+
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Landforms associated with the study area generally consist of made land (tailings piles or fill),
lacusfrine/tidal flat deposits, and minor sand and gravel bars @ioAMest 1993b). Topography

throughout the proposed study area is relatively flat with an overall elevation difference of

approximately l0 feet across the area Dominant surface features include fills, drainages, and

evaporation ponds.

3.4.1.3 Seismicity

The study area is located qfithin the southem portion of the Intermountain Seismic Belt, a m4ior

zone of seismicity in the westem United States. The Intermountain Seismic Belt is characterized

by late-Quatemary normal faulting, dispersed shallow seismicity generally occurring in the top 15

to 20 km of the crus! and periodic scarp or cliFforming earfrquakes (Woodrvard-Clyde, 1994a).

Since 1850, the largest historic earthErakes observed q,.ithin the region have included tbree

earthquakes measuring approximately 5.5 Richter magnitude (Mr). Ten earthquakes have exceeded

Mt 5.0, howwer, none have been greater than ItlI' 6.0 in historic times. Creologic widence shows

repeated M7 earthquakes and greater occurring along the Wasatch fault zone. The strongest

ground shaking in the area in recent times was the 1934 (M" 6.6) Hansel Valley earthquake which

created surface ruptures at the north end of Great Salt Lake (Woodward Clyde, 1994a\.

Woodward Clyde Q99aQ recognized swen significant seismic sources witrin fte Salt Lake

Valley: the Wasatch, East Great Salt Lake (divided into Promontory Mormains and Antelope

Island Segments), norttr Oquinh, West Valley, Stansbury, the Saltair Resort Stnrcfire, and rmdom

background seismicity.

Based on deterministic analyses, the Marimum Credible Earftquake at the site was concluded to

be a moment magnitude (M*) 7.0 earthquake occuning on the Antelope Island segme,nt of the East

Great Salt Lake fault. The Mo<imum Credible Earthquake is defined by state statues as "the most

severe earthquake that is believed to be possible at the site on the basis of geological and

seismological evide,nce". For source-to-site distances of 1.5 to 3.3 km, the peak horizontal ground

acceleration on deep soil was estimated to be 0.529.
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The peak horizontal acceleration for the Operating Basis Earthquake, the maximum earhquake

which can be e:pected to occur during the lifetime of the stntcture, was 0.299. This value was

based on a probablistic seismic hazard analysis considering an average retum period of about 500

years for an Nd* 6.5 random earthquake at a source-to-site distance of 8 km"

Stability analyses on the existing tailings impoundment conclude that the impoundment is stable

under static conditions, however, it must be upgraded to improve its d1mamic stability. If a large

earthqtrake were to occur in the Salt Lake Valley, the safiuate4 fine-grained tailings underlying

the embankment shell could lique&, potentially causing an impoundment failure.

3,4.1.4 Soil Resources

Soils at orpansisa :rea were mapped by Soil Conservation Services (SCS) n 1974. SCS mapping

was mnfirmed by Bio-r$r/est (1993b). Soils include the Bramwell silty loam @rB), Jordan silty

clay loam (Jo), Lasil silt loam (LcA), Saltair Resort silty clay loam (Sa), sandy borrow pits (Se), r 4

sandy alluvial land (Sd) and dumps. The SCS report indicates that the Bramwell silt loam is the t/,tY- t

only soil present at the eryansion area zuitable for reclamation. Additional studies by Morrison W nv

I(nudsen (Kennecot! DOGM Report) indicate that some soils of fte undisturbed sandy alluviat /l

land (Sd) and undisturbed Jordan silty clay loam (Jo) may be zuitable for reclamation. Kennecott

plans to remove soils zuitable for reclamation in the early stages of constnrction and utilize them

in the vizual buffer corridor adjacent to Interstate I-80. Kennecott has determined that the depth

of soil suitable for reclamation would range up to 15 inches and total approximately 57,500 s-u yds.

Other soils in the study area are not considered a soil resource for establishing vegetation due to

their strong salinity/alkdinity.

3.4.2 Environmental Consequences

3.4.2.1 Overyiew

Potential geologic impacts resulting from the North West Expansion altematives include:

ltr
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I

t I o areal settlemenl and

r 2 . seismic upgade of existing tailings impormdment.

I3

f 
4 Impacts to earth resources will generally be limited to visual impacts resulting from vegetation

I 5 grubbing and topsoil removal and will be addressed in Section 3.6 Visual Resources.

l6
I 7 3.4.2.2 Methods

-8
I 9 To assess the significance of areal settlemen! the following criteria were utilized:

I 10 Hieh Imoact - Induces stress or settlement in adjacent stnrctures or compromises the integrity of

I l1 the existing and/or proposed tailings impoundment.

I 12 Moderate Imoact - May induce settlement of adjacent stnrctures; integrity of exisring and/or

I 13 proposed 6ilings impoundment would not be compromised.

I 
14 Low Impact - Induces tolerable settlement of adjacent stnrctures

t 15 No Impact - No measurable impa* on adjacent stnrctures

l6

ll 17 To assess the significance of seismically upgrading the existing tailings impoundment the

r 18 following criteria were utilized:

lle

I 20 Hieh Impact - Significantly improves the seismic stability of the existi.g impoundment

I 2l Moderate Impact - Provides limited improvement of the existi.g imFoundment

I 22 Low Impact - Improves limited areas of the existrng impoundment

I n No Impact - Nfs improvement of existing imfoundment

24

l2s
26 3.4.2.3 Results

127

I 28 Based on the criteria presented in section 3.4.5.1, the geologic impacts resulri.g from each

I 29 altemative are presented in Table 3-15.
30

I
I
I
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Table 3-15
Impact Assessment

IMPACT TYPES

Areal Settlemen Seismic Upgrade

ALTERNATIVE Hish Moderate Low No Hish Moderate Low No

No Federal Action X X

North Expansion
(West)

X x

No Federal Action

Kennecott studies have shown that the Upper Bonnwille Clay acts as a natural liner.

Areal Settlement - Any facilities within the zone of influence of areal settlement of the existr.g

tailings impoundment should have already settled. Increasing the height of the existrng

impormdment, as proposed for the No Federal Action altemative would be e:pected to cause

additional settlement of adjacent facilities.

Seismic Upgrade - Under the No Federal Action altemative dewatering and stepbacks of the

existing tailings impoundme,nt would continue, however, seismic upgrade would !s minimal. This

would reduce the pote,lrtial for imFoundment failure should liquefaction of fine-grained tailings

occlrr.

Due to the thickness and lateral extent of the Upper Bonnwille Clay, differential settlement of the

oipansion altemative is not expected to comprise the integdty of the in situ clay liner. Howwer,

facilities such as bridges, roadways, railroad linss, sl buildings could be adversely affected by areal

settleme,lrt should faciliW foundations be within the zone of influence of areal settlement
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Areal Settlement - The North Expansion West altemative would be expected to cause significant

settleme,lrt within the fooprint of the opanded impoundment and may cause settlement of facilities

adjacent to the opanded impoundment footprint. Considering the number of facilities in the

vicinity of the proposed expansiell are4 limited settlement of adjacent facilities would be e>ipected.

Seismic Uperade - The Noah Eryansion West would not provide an exte,lrsive stabili"i"g berm of

the northeast comer, however, a berm on the north and northwest perimeter of the existing tailings

impoundme,nt would be constructed. Dewatering of the east side and the southeast comer would

!s implemented.

3.4.7 Proposed Mitisation

Mitigation of settlement of facilities adjacent to the proposed q<pansisa fooprint would consist

of siting facilities in areas outside of the zone of influence of potential areal settleme,lrt Existing

criticat facilities that cannot be relocated should be monitored for adverse settlement so that minor

modifications of the footprint can be implemented to minimize settlement to tolerable amounts.

The enpansion area would utilize the Upper Bonneville Clay as an in siru liner. Areas, such as

drainages where the thickness of the underlying clay is determined to be inadequate, would be

infilled with clay to effect a continuous in sin clay liner system.

Seismic upgrade of the existrng facility should include adeErate sbliliing berms, particularly for

the northeast corner and north perimeter of the existrng impoundment. Dewatering efforts for

critical areas not upgraded by a stabili"ing berm should be implemented.
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3.s LAIID USE, TRANSPORTATION AI\D UTILITIES

3.5.1 Overview

The proposed modernization of the tailings impoundment is located west of Salt Lake City, Utah.

The majority of the study area is privately owned by Kennecott and is zoned for agriculture or

industry. Since near the tum of the ce,ntury, the study area has bee,n dominated by mining and

industial uses, supporting the following enterprises: Kennecott mins spqations, fte Morton Salt

waporation and manufacturing facility, and the former phosphate processing facility prwiously

owned by Cherrron (see Figure l-2, Existing Operations).

Numerous small, private, light industies and municipal operations are active in the southeastem

portion of the study are4 including automobile parts recycling, a drilling compmy, tire recycling,

warehousing, private and municipal landfi.lls, and a wastewater teatuent plant These industries

and municipal uses are clustered north of State Highway 201 between County Roads 8000 West

and 7200 Wes! with sweral landfills located east of the existing impoundment.

The study area is bounded and crossed by numerous tansportation conidors, mainly for vehicle

traffic. This includes Interstate S0 (I-80) to the north and west, State Highway 201 to the south"

and State Highway 202 linking I-80 and Highway 201. Several city-maintained roads cross the

shrdy are4 and the Union Pacific Railroad (UPRR) operates two interstate comrnerce railroads in

the area-

Other land uses in the study area include non-intensive agdcultural uses zuch as open pasture and

ganng, open space, a small amount of residential use, and utilities. Residential use occurs

primarily east and southeast of the study are4 within the town of Magna- Within the study area,

one small area of single-family homes lies east of the Magna Crolf Cowse and less than five

private reside,nces are scattered north of State Highway 201 along County Road 8000 West.

Sweral easements for railroads, utilities, and roadrvays halre been grcnted throughout the shrdy

are4 including the UPR& Utah Power & Li$t Company (UP&L), Mountain Fuel Natural Gas,

and a fiber optic telecommunications line.

3-104



I
I
t
I
I
I
I
I
I
I
I
I
I
I
!
I
I
I
I

1

2

3

4

5

6

7

8

9

l0

l1

12

l3

t4

l5

l6

t7

18

t9

20

2l

22

23

24

25

26

27

28

29

30

31

3.5.2 Issues

The main land use iszues associated with the proposed project are:

. potential effects on existing utilities,

. modification or relocation of transportation facilities,

. changes or limitation in access resulting from modiffing transportation facilities,

' potential effects on grezing activities, and

. potential effects on other industial facilities.

The specific land use iszues wiftin the study area are discussed in the Environmental

Consequences section of this analysis.

3.5.3 Affected Environment

3.5.3.1 Methods

The goal of the land use inventory was to identiff and describe all the existing, planned and

designated land uses in the study area The land use study was divided into three major

components: land jurisdiction, existing and planned land use, and trmsportation and access. Data

inventories were determined from land use 6d 26ning maps of the study are4 aerial photographs,

rwiew of existing resource literafirre, and consultation with land use specialists familiar with the

area

Land jurisdiction refers to the limits of administrative authority of a federal, state, or local

government agency. Land owners were also identified for private property in the study area-

Existing and planned land use identifies all surface uses and proposed uses by the land owner or

adminisfiator. Three existrng and planned land use categories were identified for the study area:

industial, agricultural, and range. Industial land uses include manufacnuing and processing

facilities, warehouses and distibution centers, junkyards, landfi.lls and utilities. Agdcultural land
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uses include all forms of irrigated and non-irrigated farming, cormmercial production of food crops,

and cultivated pasture. Range is primarily open lands that in their natural condition provide habitat

for wildlife, and includes public or private lands commonly used for ga.tng livestock.

The transportation and access component identifies the exisri.g network of roads (e.g., highways,

state roads, access roads) to facilities in the study area-

3.5.3.2 Results

Land Jurisdiction and Ownership

Mining operations in the area began in 1903 by the Utah Copper Company. In 1936, the Utah

Copper Company was purchased by Kennecott Copper Corporation and became known as

Kennecott Utah Copper Corporation. Kennecott curre,lrtly owns all of the property in the study

are4 except for the existrng railroad track alignment and marshalling yard owned and operated by

Union Pacific Railroad (UPRR). Kennecott purchased the Morton Salt property (processing

facilities, offices, and the salt impoundment lands) in 1991. In 1994, Kennecott bought the

phosphogypsum tailings properly from Chewon. Union Pacific Resources-Minerals (UPRM) leases

the slag processing facilities west of State Road 202 (tlighway 202) from Kennecott (see Figure

r-2).

The study area includes jurisdictional wetlands and other waters of the United States, including

saline playas, gull colony areas, open water and overflow basins that are under the administrative

authority of the U.S. Army Corps of Engineers.

Jurisdiction for existing transportation and utility facilities includes:

. Utah Power & Light - elecnical power lines,

. Mountain Fuel - gas lines,

. US West - fiber optic cables,

. Union Pacific Railroad - rail line.
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Utah Departnent of Transportation - I-80, Highway 201, Highway 202, and,

Salt Lake City/County Health Deparbnent - landfills.

Existine and Planned Land Use

Existrng industial land uses in the study area include the existing tailings irnformdment; the

phosphogSpsum tailings imFoundmen! LJPRM slag processing facility, and Ke,lrnecott slag pile to

the southwest of the Highway 202; md the smelter, refinery, Arthur Facilities, and North

Concentator to the south and southwest of the existing tailings impoundment North of the

existrng imFoundment is the property prwiously owned by Morton Salt for waporation ponds and

salt production. There axe seven existrng landfills in the area:

. southeast of Highway 202,

. on lhe southwest section of the existing teilings impormdmen!

. at the existrng salt evaporation facilities site norft of the existrng tailings imFormdment,

' the Mackey Landfill east of the existing lailings imfoundment and south of 2100 South,

. the Salt Lake City/County Landfill Parcel 1 (reclaimed) east of the existing tailings

impoundment on the northwest comer of 7200 West and 2100 South,

. the Salt Lake CitylCounty Landfill Parcel 2 east of the existrng tailings imFoundment and south

of 2100 South, and

. east of the existt.g tailingq impoundment, east of 7200 West and north of 2100 South.

Although there are no current agricultural activities in the study are4 3,291 aqes of the sfirdy area

were zoned A-l/A-20 Agdculture until May 1994 atwhich time an area covering 660 acres to the

east of the norlheast segment of the existing tailings impoundment and west of 7200 West is

currently leased, io part, for grazing by Kennecott to Glnore Livestock. Prior to a recent mning

change reErested by Kennecott, the study area encompassed three classifications of zoning:

M-2 Manufacturine

. existing 5,700-acre tailings impoundmen!

. surrounding land north to the current UPRR line,
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. surrounding land west to I-80 (including the phosphog5psum tailings impoundment),

' surremding land east to 8000 West,

. 5urrsunding land south and west toward the Oquirrh Mountains, and

o area of land north of the existing tailings impoundment prwiously rezoned from A-20 to M-2

bv Morton Salt.

A-l and A-20 Aericulture

. land north of the existing tailings impoundment to I-80, and

. land east to 7200 West.

M-lA Industial

o area of land in the northeast comer of the study are4 west of 7200 West and south of I-80.

In May 1994, Kennecott received approval for rezoning 3,291 asres from A-20 to M-2 for tailings

impoundment storage from the Salt Lake County plarrning Commission. The majority of the area

zoned as A-20 is saline flats and not desirable for agricultural use. This land is not recognized

by the Soil Conservation Service as "prime or unique farmland" and was being used as salt

imFoundments to the north and gratang to the east.

The planning goals for the study area of the Salt Lake County Planning Commission, the Magna

Community Plan, and the Salt Lake City Draft Northwest Quadrant Master Plan are mixed

industial use, the preservation and enhancement of wildlife habitat, and ope,lr space.

Transportation and Access

Existing transportation and access routes in the study area include:

. I-80, an east-west highway that passes to the north and west of the existrng tailings

impoundment

. Highway 2Ol, an east-west highway from Salt Lake City to I-80, which runs along the south

boundary of the existing tailings impoundment and norft of the town of Magna
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. Highway 202, asoutheast-noflhwest highway that serves as a connector from I-80 to Highway

201 and the mine facilities on the west side of the existrng tailings impoundmen!

. UPRR rail line,

. UPRM access road to l\Sway 202,

. 2100 South, an east-west road on the south side of the existing tailings impoundment and

. access roads on the existi.g tailings imFoundment and through the salt w4oration property;

- dike road,

- pipeline road

- poleline road"

- lower road

- access road to Bonnwille Crate, and

- C-7 Ditch irccess road off of 8000 West.

3.5.4 Environmental Conseouences

3.5.4.1 Overview

Environmental consequences of the Project to land use were determined by comparing the

proposed altematives with the existing study area- Mtigation was proposed for impacts associated

with both altematives' impacts remaining after mitigation were identified as residual impacts.

3.5.4.2 Methods

Physical impacts to land uses were assessed for each of the land use categories listed earlier in this

section. TmFacts considered direct and long term include any impact that displaces, alters, or

otherwise physically affects:

. any existing, dweloping or planned residential, commercial, industial, govenment, or

institutional use or activity,

. any agricultural activity,
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' any establishe4 designated or planned park, recreation, preservation, or educational use area

or activity, and

' any applicable general or regional plans and/or approved" adopted or officially stated policies,

goals or operation of communities or govemment agencies.

Land Jurisdistion

The effects of the Project to land jurisdiction involve land policies, land manageme,nt plans, and

permitting requirements of local, state, and federal agencies. Land jurisdictions identified in the

Affected Environment discussion of this section were used to identifr the potentially affected

agencies and permitting requireme,lrts for both altematives.

Existine and Planned Land Use

The majority of potential impacts to existing and planned land use would result from the direct

physical conflict between the proposed Project and an existirg land use featwe. Conflicts wi&
existing land uses can be resolved by relocating displaced facilities to comparable locations and

mitigating the impact on site.

Transportation and Access

Impacts to highways, roads, and other travel routes would be from direct physical conflicts and

right-of-way encroachment These irnFacts can be mitigated through permitted relocation or

modification of existing tansportation routes. Right-of-way crossing agreements or permits will
reduce or eliminate fts impacts due to encroachment.
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II
r I 3.5.4.3 Results

-2
r 3 No Federal Action

l4Il 5 This altemative would continue raising the 5,700-acre existing imFoundment area until the rate of

I 6 rise compromised the static integrity of the foundation. The existrng land use of the study area

I 7 wouro oo1 saenge.

-8
|| 9 North Erpansion West

-10
I 11 The following utilities, tansportation facilities, and land uses would be impacted (Figure 3-5):

r72
t 13 . relocating three Utah Power & Light (UP&L) electical power lines (138 kV,44 kV, 12 kV)

t 
14 to a new alignment adjacent to the southem boundary of the I-80 right-of-way,

I 15 . removing or abandoning existirg three-inch steel and plastic gas lines,

I 
16 . abandoning of a 6-inch gas line to the gypsum facility,

r 17 . relocating the existing U.S. West fiber optic cables within the new LJPRR right-of-way,

a 18 . relocating existing Sprint, MCI, and SP communications facilities wiftin the new IIPRR right-

r 19 of-way,

I 20 . relocating UPRR tracks approximately 400 feet south of southem bormdary of the I-80 right-of-

t 2l wav.

I 
22 . 

"o*tn "tiog 
a new bridge crossing of UPRR tracks on Highway 202,

U 23 . modifuing existirg eastbound I-80 on- and off-ramps,

I 
24 . removing the existing Highway 202 overpass,

t 25 . displacing $adng activities, and

r 26 . closing the existing landfill and developing a new [censed solid waste landfill.

I27
r 28 Additional uses of the land associated with this altemative include:

t2e
I 30 . installing Kennecott electrical power lines along the crest and the toe of the existing

I 3l impoundment and

T

I
3-il1



I
I

[ | o constnrcting afueling facility immediately north of thenew Highway 202 overpass and east

11 2 of the relocated UPRR tracks.

t3

i 4 Kennecott would be required to design all road modifications and additions in accordance with the

t 5 Utah Deparhent of Transportation (UDOT), FlfWA, and applicable local requirements.

I 6 Agreements with LJDOT, and possibly FlfWA, would be required for the following transportation

t 7 facilities:

h8
I ) o drainage stnrctures across I-80,

f l0 . railroad crossings on7200 West,

I ll . haul road (tlPRM) crossing Higfiway 202,

I 
12 . new overpass/railroad crossing of Highway 202,

I 13 o new UPRM access roa4

I 
14 . C-7 Ditch West culverts passing beneath Highway 202 norhwest of LJPRR overpass,

I 15 . potential removal of existing Highway 202 overpass, and

a 16 . modification of existing eastbound I-80 on- and off-ramps.

lr7
- 18 Design of bridges, roads and drainage crossings would be in accordance with standards established

I 19 by UDOT, UPR& the American Association of State Highway and Transportation Officials, the

I 20 American Society forTesting Materials Standards, the American Railway Engineering Association,

I 2l the Americ* 11,/slrting Society, the Intemational Conference of Building Officials, as well as

- 22 additional standards and guidelines.

.lzt

I 
24 Kennecott will coordinate with the Utah Department of Natural Resources, Division of Parks and

I 25 Recreation regarding the closure of Highway 202,which will affect access to Great Sdt Lake State

- 26 Park.rI27
. 28 Kennecott would be required to obtain approval from the following organizations for the

t 29 modification. removal and/or relocation of facilities:

,.!. 30

t 3l . US West - fiber optic cables,

3-tlz
I

I
I



I
I

- I r Mountain Fuel - gas fnes,

| 
) c Utah Power & Light - tansmissisl linss,

t I r US Sprint, MCI and SP Communications - fiber optic cables,

| 
4 . Union Pacific Railroad - rail lines, and

|l J o Union Pacific Resource Minerals - access road to slag processing facilities.

J6
I 7 Mtigation would include creation of wildlife habitat by establishing vegetation on approximately

I 8 3,900 acres of the existing impoundment. This altemative is consistent with the planning goals

I 9 of the Salt Lake County ptanning Commission, the Magna Community Plaa Magna Area Cormcil

I l0 and the Salt Lake City Draft Norhwest Quadrant Master Plan.

lll

f 12 This altemative would continue raising the existi.g imFoundment area at the rate of 7 to 8 feet

I 13 annually to approximately 250 feet the natural above ground elevation, and add anew 4,018-acre

| 
74 impoundme,lrt area immediately norfr and northwest of the existing impoundment. The new area

I 15 would be enclosed by an embankment approximately 250 feet high.

'- 16

r77
I 18 3.5.4.4 Prooosed Mitieation and Residual Imnacts

tt9

I 20 The following table specifies the mitigation that Kennecott will follow to reduce or eliminate the

I 2l impacts to utilities, transportation facilities, and land uses for the North Expansion West Residual

r 22 impacts are also indicated for each planned mitigation measure.

f

l
t
I
t
I
I
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Table 3-16
Proposed Mitigation for Land Use and Transportation

IMPACT I'ITIGATION RESIDUAL IMPACTS

UTILITIES
Displacement of three UP&L
tranmission lines (138-Kv, 4y',-KY,

12-Kv):

- relocate 0o a new 200- foot wide
alignment adjacent to the southern
boundary of the I-80 rigbt-of-
way, and

- constnrct uP&L service road in
the center or along the southem
side of the new IJP&L aliguent.

None

Cancellation of service of exist'.g
Mountain Fuel gas lines to the salt
evaporator facility and gypsum
facilitv:

cap lines and remove abandoned
plpes.

None

Displacement of U.S. West fiber
optic cables:

- relocate to the new 150-foot wide
UPRR rightof-way south of I-80,
and

- constnrct a U.S. West microwave
frcility access road near the
northwest end of Highway 202.

None

Displacement of Sprint, MCI and
SP Communications fiber optic
cables:

relocate to the new 150-foot wide
UPRR rightof-way south of I-80.

None

TRANSPORTATION
Displacement of Union Pacific
Railroad (UPRR) tracls:

- relocate tracks to approximately
zt00 feet south of southern
boundary of I-80 right-of-way,

- constnrct UPRR service road
north of the northern rail line
along the entire length of the new
UPRR alignment,

Higbway 2O2 constmction activities
will necessiate a tempomry closure
of the highway.

Closure of Highway 202 due to
constnrction activities will affect
access to Great Salt kke Stat€

Park.

possrbly remove exrstlng Hrgnway
202 overpass after UPRR
relocation" and

construct Union-Pacific
Resouces-Minerals (UPRM)
access road intersecting Highway
202 just south of I-80 eastbound
on- end off-ramps.
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Table 3-16
Proposed Mitigation for Land Use and Transportation

I
t
I
I
I
I
T

l
I
I
t
t
I
I
I
I
I
I
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IMPACT MITIGATION RESIDUAL IMPACTS

Displacement sf sxisting acc€ss
roads in the study area:

constnrct a toe dike access road
(qpecific location to be
detemined),
construct a steg haul road
between the starter dike and the
drainage blanket construction
arca,

construct a slag haul road to be
used as the primary route for
hauling and placing materials for
the first stage of constnrction of
drainage blanket for new
impoundment (specific location oo

be detemined), and

construct the following access

roads on the existing
impoundment;
o lnleline road
o Copperton singlg-point

discharge rcad, and
a reclamation and maintenance

roads on crest of the
inpouodmeu and reclaim
dikes.

None

OTHER LAND USES
Diqplacement of existi'g
C-7 West Dioch:

relocate to an dignmenc along
8000 West to tie into I.ee Creek,
and

constnrct C-7 Ditch access roads
on both sides of the dirch.

None

Closure of existrng landfill on salt
evaporation property:

remove existing fill and
development of new licensed
lendfill.

None

Displacement of gxazing activities: - allow the lease to expire. None
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3.6 VISUAL RESOURCES

3.6.1 Resional Overview

ffts lingham Canyon Mine complex is located in the Great Basin section of the Basin and Range

physiographic province (Fenneman l93l), noted for parallel mountain ranges divided by fairly

lwel desert basins. The Wasatch Mountain Range, nmning east of Great Salt Lake, is

approximately 80 mils5 lsng with individual peaks characterized by similar heights and slopes.

Salt Lake Cotmty, population 726,000, fills the valley between the Wasatch Range and Great Salt

Lake. At the south end of Great Salt Lake, the OErirrh Mountains rise up and form the southem

boundary of the study area (Fignre 3-1, Existing Land Use). Smaller ranges to the west and south

of the lake include the Cedar, Lakeside, Newformdland, and Stansbury mountains. Great Salt

Lake, Sevier Lake, and Provo Lake are all rernnants of Lake Bonnwille, which filled an area of

almost 20,000 square miles in westem Utah dtuing the Pleistocene geologic era- Despite its

continuous fluctuation, Great Salt Lake is considered a pennanent lake.

Mountain steams form broad alluvial areas at the base of the mountains and extend into the

basins. Standing water accumulates in flats, uzually near the center of dre basrn, creating saline

playa lakes.

The study area is primarily industial with existing facilities (e.g., the smelter, refinery, the coal-

fired power plmt, the tailings impoundmelr! utility lines, railroad tacks, etc.) characterizing the

landscape.

3.6.2 Issues

Tmpacts to vizual resources are described in detail under environmental consequences in this

section. Vizual resource iszues associated with the constnrction and operation of the Project

include:

. views from Saltair Beach and Resort

. views from Cneat Salt Lake State Park, Mu,pq or Salt Lake City,
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. views of the tailings embankment from Interstate 80 (I-80), and

. dust visible during constnrction. -

3.6.3 Affected Environment

3.6.3.1 Methods

This section describes the methods and tlpes of information used in the vizual resource analysis.

There are no guidelines to evaluate vizual resources on private lands. The visual resource analysis

for this study was developed following the methodology established by the Bureau of Land

Management (BLM), known as the Vizual Resource Management Inventory and Contrast Rating

System (BLM, 1986).

Sensitive Vieupoints

Sensitive viewpoints are areas from where the proposed Project would be visible and may hare

a possible impact on the viewer. Potential critical viernpoints were identified and mapped within

a five mile radius of the perimeter of the study area. Viewpoints considered include:

. residences/communities - primary or recreational residences, aparhents, mobile homes, and

trailer parks,

. ion areiu. - existt.g and proposed dweloped recreation sites,

parks, or areas used for camping, picnicking, boating, fishing, swimming, or other recreational

activities, and

. travel routes - roads and highways used primarily by origin/destination travelers.

Vizual Sensitiviw

Visual sensitivity me:sures a concem by viewers 1s sfienges in the landscape. Views by large

numbers of people for an extended period of time (e.g., from residences) are usually considered

more sensitive. However, alarge number of viervers with less concern for fte proposed change
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in the landscape would not necessarily cause ahigher sensitivity (e.g., interstate highway tavellers

who represent large numbers, but are only exposed to views for a limited period of time). Views

from residences are uzually considered highly sensitive. Views from recreation are:ls are generally

considered highly sensitive; howwer, some may be of less concem than others, depending on the

significance of the recreation area- Travelers on highways and other roads are typically less

sensitive to changes in the landscape, depending on the type of tafEc (e.9., if used for commuting,

travel to distant destinations, orscenic drives) andthelenth of time they are eryosed to aparticular

view.

Each viewpoint was assigned a lwel of sensitivity (hrglq moderate, or low) after taking into

accormt user t)pe, user attitude, use volume, and view duration (see discussion below).

Visibility

Visibility is a measure of how vizual changes are perceived in the landscape. The viewer's

distance from aviewpoint to the study area affects how they perceive form" texture, color and other

visual elements in a landscape. At greater distances, landscape elements become less detailed md

less obvious, and form becomes more pronounced than color and texture. Distance zones are used

to evaluate visibility. The distance zones are defined as follows:

. Foreeround (0 to l/4 - 1/2 mile) - details in the landscape are perceived and obvious, hsluding

texture and the aesthetic qualities of vegetation,

. Middlesromd, (ll4 - 112 ta 3-5 miles) - less perce,ption of texhrres and foliage details;

vegetation seen in terms of outlines or patterns,

. Backeround (3-5 to 15 miles) - landforms, rather ftan individual elements, become the

dominmt feature of the landscape, while perceptions of color and texhre are weah and

. Seldom Seen (bevond 15 miles) - perception blocked by topogaphic relief or vegetation.

View duration, viewer orientation, the number of viewers, and lighting conditions are used to

determine the sensitiviry of an identified viewpoint (e.g., residence, recreation are4 travel route).

View duration indicates the freqtrency and length of views from fixed or continuous linear

viewpoints. Viewer orientation measures the degree to which a viewer's attelrtion is directed
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I I towards or away from the project in a given viewing situation. The angle of the viewer to the

| 
2 project and the location of distinctive landscape features in relation to he project are also a factor

|| 3 in viewer orientation. The number of viewers is used in combination with other visibility factors

| 
4 to waluate the level of impact from an identified sensitive vieupoint. Lighting conditions,

t 5 including seasonal and daily pattems of natural lighting, are used as a measure of visibility of the

a 6 project from sensitive vieupoints.

l7
rr 8 3.63.2 Results

te
- 10 Landscane Character

l1l

I 
12 Five landscape character types are found in the project vicinity:

I 13 . Industial - includes the current mine operations are4 smelter, and refinery,

I 
14 ' Urban - the town of Magn4 which lies south of the existing impoundmeng

I 15 ' Wetlands - saline playas on the wes! north and east side of the existi.g impoundment,

I 16 . ,u-lorrooi* - the OErirrh Mountains that extend for 32miles ,on* from Crreat Salt Lake, md

I n . Lakes - the South Arm of Great Salt Lake.

-18
fl L9 Sensitive Viewpoints

20

fl 2l The following sensitive vieupoints are depicted on the Exist'ng Land Use Map Figure 3-1:

I 22 ' The town of Masra - population 17,829; lies to the south of the existing impoundment;

lJ 23 dominant sensitive viewpoints exist at residential or commercial properties along the north

I 
24 perimeter of the town.

I 25 . Saltair Beach and Resort - a private beach with some recreational and snack bar facilities on

I 
26 the southem shore of Great Salt Lake and west of the existing tailings imFoundment.

t n ' Great Sdt Lake State Park - maintains a marina and picnic facilities on the southem shore of

I 
28 Great Salt Lake, south of the main park facility on Antelope Island.

I 29 ' I-80 - an east-west freeway that passes to the north and west of the existing tailings

- 
30 impoundment.

I

I
T
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. State Road 201 (Highway 201) - an east-west highway from Salt Lake City to I-80, which nrns

along the south boundary of the existrng impoundment and norh of the town of Magna-

. State Road 202 (tliehwav 202) - a southeast-northwest highway that serves as a connector from

I-80 to Higbway 201 and the mine facilities on the west side of the existing tailings

impoundment.

Visual Sensitiviw and Visibilitv

Visual sensitivity levels were assigned to the six sensitive vievpoints identified based on the t5pe

of user and the visibility factors discussed in fte methods section above.

Mama - Moderate Sensitiviw. The town of Magna was formded in 1906 initially as a farming

community (VanCott, 1990). Howwer, this changed rapidly as the Utah Copper Company

opened the Magna Mll in the early 1900's to handle production at the Bingham Canyon Mine,

and continued with the purchase of the mine !y Kennecott Copper Corporation in 1936. The

town of Magna has primarily developed in response to the industial activity associated with the

mine. The town of Magna has more than 80 years of exposure to the indusfiial character of the

are4 thus reducing residents' sensitivity ns compared to a community vierving the construction

and operation of a lailings impoundment as a new feature in the landsc4e.

Saltair Resort - Hieh Sensitivitv. Views from Saltair Beach, a leased beach on the shore of Great

Salt Lake and the associated facilities, would have a high sensitivity due to its close proximity

to the study area-

Crreat Salt Lake State Park - Hieh Sensitivitv. The park is approximately three to five miles from

the proposed project and views include the existrng leilings impoundment to the east the Oquirh

Mountains to the south, and the lake to the north and west. The park includes a 300-slip marina

and day use picnicking facilities. Recreational use occurs primarily in the summer months.

I-80 - Moderate Sensitiviw. This interstate highway supporB primarily distant destination

travellers moving at high speeds. One potential area of reorie,lrtation is a point where eastbound
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t 1 I-80 bends, tuming due east towards Sdt Lake City and westbormd I-80 tums southwest following

I Z the shoreline of Great Salt Lake. At this be,lrd, the attention of eastbound fiavelers is drawn by

I 3 their first view of Great Salt Lake and the Wasatch Range, while westbound tavelers see Great

- 4 Salt Lake and the Kennecott smelter facility.

ls
t 6 Hiehwav 201 - Low Sensitivitv. The primary users of this highway are tavelling to or from

t 7 Magna or the curreNrt mine operations area and are accustomed to the industrial character of the

I 8 area

te
I t0 Hiehway 202 - Low Sensitiviw. The primary users of this highway are tavelling to or from

I ll Magna orthe curre,rt mins spglatisns area and are accustomed to the industial character of the

- 12 area

t13

- 14 3.6.4 Environmental Consequences

115

-, 16 3.6.4.1overview

lr:.
I 18 Environmental consequences of the proposed Project include potential vizual impacts to viewers

I g from Saltair Beach and Resort, Great Salt Lake State Parh Ma.pq I-80, Highway 201, md

- 20 HiSway 202.

t2r
.. 22 Vizuat impacts are expected from the following constnrction activities (see Figure 3-6 Project

I 23 Plan):

I Vt . relocating three Utah Power & Light (UP&L) electrical power lines (138kV, 44kV and l2kV)

t 25 to a new alignment adjacent to the southem bormdary of the I-80 right-of-way,

,' 
26 . relocating the Union Pacific Railroad (UPRR) tracks approximately 400 feet south of souihem

t n boundary of the I-80 right-of-way,

., 28 . constnrcting a new crossing of UPRR tracks on Highway 202,

I 29 . modifuing existtng eastbound I-80 on- and off-ramps,

r 30 . potentially removing exisritg Highway 202 overpass,

I
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relocating the C-7 Ditch approximately 200 feet from the southem boundary of the I-80 right-

of-way,

removing a substantial portion of the existttg Kennecott slag pile,

removing the former fertilizer facility, and

removing and consolidating existing utility lines and poles south of I-80.

Long term visual impacts are also opected from the new tailings impoundment area and the

resulting approximately 250 foot embankment, which would be a vizually dominant structure in

the middle ground from the Saltair Resort beach area if one looks southeast.

3.6.4.2 Methods

Visual Contrast

Visual contrast is a measure of the physical change in a landscape due to the proposed Project

Three components are used to determine contnrt lwels:

. landfonn confiast - contrast identified with changes in landform patterns, disturbance of natural

features, exposure of soils, and other disturbances seen as tmcharacteristic to the natrral

landscape,

. vesetation contrast - contast determined by the divenity and complexity of vegetation tjpes

and pattems, and

. stnrcture contast - examines the cornpatibility of the proposed project with the landscape.

Three visual confiast levels were assigned to the study area: strong, moderate and weak. These

contrasts are based on the predicted disturbance resulting from the modemization of the oristing

lailings impoundment and the constnrction of a new imFoundment in the study area Contrasts

range from strong (incompatible disturbances to the landscape) to weak (disnrbances consistent

with existing landscape).

A matrix was developed to compare contrast lwels with sensitivity lwels from sensitive

viewpoints (Table 3-17). Potential vizual impacB to se,lrsitive viewers were determined by
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r 1 evaluating the degree of perceptible visual_change from sensitive viewpoints within each distance

I 2 znne. Impact levels of higb" moderate, low and no impact were assigned.

I3

I 4 Table 3-17
I 5 Visual Impact Matrix

I
6

l7 Distance Zones

Contrast Levels

Weak Moderate Strong

Foreground low moderate-high hieh

Mddlegrormd low low-moderate moderate-high

Background low low moderate

Seldom Seen no lmPact ns imFact no lmpact

Definitions of the impact lwels idenffied in Table 3-9 are as follows:

. Hieh Impact - Tmpacts resulting if the constnrction, operation, or maintenance of fte Project

would potentially be perceived by the viewer as significant or a zubstantial adverse change to

the landscape.

. Moderate Imoact - Impacf resulting if the constnrction, operation, or maintenance of the

Project would potentially be perceived by tre viewer as a noticeable change to the lmdscape.

. Low Impact - Tmpacts resulting if fte constnrction, operation, or maintenance of the Project

would potentially be perceived by the viewer as an insignificant or small change to the

landscape.

. No Impact - No identifiable impact would be indicated or no measurable impact to the

landscape would potentially be perceived by the viewer.
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r 1 3.6.4.3 Results

r2
I 3 This section discusses the potential impacts on the vizual resources and proposed mitigation for

I 4 each of the proposed altematives.

ts
I 6 No Federal Action

lj

I 8 Under this altemative, the industial landscape character would not change. Views from Magn4

I 9 Saltair Beach and Resort, Great Sdt Lake State Park, and the specified trarel routes currently

I t0 include a tailings impoundment are4with an average heigbt of 190 feet alrd the smelter corylex

I tl The annual average rate of rise of fte imFoundment under this altemative would be 7 to 8 feet

I t2 evenhrally reaching approximately 250 feet and capacity by 2004. There would be no perceptible

fl B change in views from the current sensitive vieurpoints due to gradual rise of fre impormdme,lrt over

11 14 ning ygars.

Ils
r 16 North E>oansion West

lr7

I 18 This alternative would continue raising the existing tailings impoundment area at the rate of 7 to

I D 8 feet annually to approximat ely 250 feet and add a new impoundment area immediately norh and

t 20 northwest of the existing impoundment. This new area would be enclosed by an embankment 250

I 2t feet higb, constnrcted over 25-30 years of mine operations. The industrial landscape would not

11 22 change.

I23

., u The closest views of the new impoundment area from residential and commercial properties on 6e

t 25 noflh perimeter of Magna axe more than 2.5 miles away, thus viewer perception, if any, would be

r.. 26 in the middleground distance zone md would result in a low impact.

In
.' 28 Views from Saltair Beach, a leased beach and concert arena on the shore of the South Arm of

t 29 Crreat Salt Lake would have a high sensitivity due to its close proximity to fte study area The

I 30 views to the southeast would be changed by the new irnpotmdment area and the proposed

I 3I embankment. However, the fulIheight of the new embankment would not be reached for 25 years

3-124
I

I



I
l1
l:
t:
l:

and views to the west would !s improved by the reduction in the slag pile to the south and the

removal of the fertilizer facility. In some places, the embankment at its ultimate height could

obstnrct some scenic background views of the Wasatch Mountains. Viewer duration of the

embankment would depend on the type of user. Day users would be oriented towards Crreat Salt

Lake or the Wasatch Mormtains, depending on their activity. Given the proximity of the new

embankment to I-80 and the location of Saltair Beach within one-quarter mile frs6 I-80, viewer

perception would be in the foreground and middleground depending on the exact distance zones

location (and waluation) of the viewer. From most locations in or near Saltair Beacb, the rmpact

would be moderate and after the impoundment is at full height Q.e., 25-30 years); it could be

perceived 65 significant or high impact.

Great Salt Lake State Park is approximately five miles from the proposed impoundment thus

viewer perception would be in the middleground distance zone. Current views from this park

include the South side of the existing imFoundment (foreground) and the Wasatch Mountains

(background) to the east and Great Sdt Lake to the north and west In some places, fte

embankment could obstnrct current scenic background views of the Wasatch Mountains. Viewer

duration of the embankme,nt will depend on the use of the park area The marina has 300 slips

available for boats. Druing the summer, the marina uzually operates at full capacity; during winter,

approximately 250 slips are continually occupied. Boats moored at the marina would be orie'lrted

either towards Great Salt Lake or inland and would have significant view durations, depenrling on

the length of their stay. Day users would most likely be oriented towards Great Salt Lake and/or

the Oarinh Mormtains and Wasatch Range. Impacts of the new impoundment area on viewers

would be moderate due to the gradual increase in height of the embankment and that the views of

the Wasatch Range would be on the horizon (background).

Views from I-80 would include the new embankment to the east and south and Great Salt Lake

to the norlh and would harre a moderate sensitivity. The toe of the proposed 250-foot embankment

wonld be less than 114 mile from I-80, thus viewer perception would be in the foreground distance

znrre. View duration would be intermittent due to the speed of traffic at 65 mph, and competing

views from Crreat Salt Lake amd the Wasatch Range. In addition, travellers would already be

e:posed to the proposed embankment by the time they reached the primary reorientation point
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midrvay in the study area (the bend in the road as I-80 follows the contour of the lake). Viewer

orientation would be primarily at a 90 degree angle, as the embankment would run parallel to the

interstate. Impacts of the ngw imFormdme,nt would be moderate due to vievrer orie,lrtation to the

road, competing views, and vierrer angle.

Views from Highway 201 include fte existing ailings impoundment and would have a low

sensitivity. The primary users are tavelling either to or from Magna or the mine operations area

and the gradual rise of the existing impormdment would not likely alter the perception of views

associated with the mins spslstisns. The closest views of the new impoundment area from the

highway are more than 2.5 milss ila'3y, thus viewer perception would be in the middlegrormd

distance zone. A change in the existing impoundment and the addition of a new impoundment

away from the road would result in low impacb from this travel route.

Views from Highway 202 include the existing tailings impoundment and mine operations. This

vieurpoint has a low sensitivity as the primary users are travelling either to the mine operations

area or the town of Magna The closest views of the new impoundment area from the highway

would be 114 to a 1/2 mils as/ay in this alternative, thus viewer perception would be in the

foreground distance zone. A change in the exisring impoundment and the addition of a new

impoundment away from the road would most likely not alter the drivers' perception of views

associated with tre mine operations and would result in low impacts.

3.6.5 Proposed Mitisation

Kennecott has proposed specific measrues to mitigate &e impacts to viewers as a result of a new

tailings impoundment. Kennecott's overall mitigation stratery for a viwal buffer, embankment

planting, and dust control includes a combination of five tlpes of reclamation activities throughout

the constmction, operation, closure, and post closure of the proposed tailings impoundment

General features of all the specified reclamation tlpes include:

. watering the tailings area to provide the necessary moishre to contol fugitive dust emissions

until reclamation activities are canied out in any glven area of fts impomdment,
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. applylng tackifier to areas disturbed by constnrction or on embankment slopes to control dust

until vegetation takes hold, and

. freating roads on site with dust pallative and pafiolling with water tnrcks and graders to contol

fugitive dust.

Reclamation Type 1 - Ddll $ssding, would use a range drill seeder to plant both initial and

second plantings of seed and fertilizer in areas of the impoundment that are accessible with

conventional eqtripment and can be planted before the surface dries and creates a dust problem-

Drill seeding would be used to restore constnrction disturbances (including the vizual buffer), for

interim and final exterior slopes and for parB of the top surface of the impoundment. The initiat

reclamation seed mix would include annual rye, cereal rye, or regreen or rye cultivar. These

rapidly growing cereal gnsses have shown to be zuccessful in reclaiming portions of Kennecott's

existrng tailings impoundme,lrt. The second sssding would include grasses (e.g., Thickspike

wheatgrass, intermediate wheatgrass, westem wheatgrass, slender wheatgrass, pubescent

wheatgrass and indian rice grass), forbs (e.g., yanow, pacific aster, utah sreetvetch" lewis flax,

'ranger' alfalfa, yellow sreetclover and rocky mountain penstemon) and shrubs (antelope

bitterbrush, stansbury cliftose, basin big sagebrush and nrbber rabbitbnrsh, among others).

Reclamation Tllpe 2 - Conventional Hydrosssding, would use tnrck-mounted hydroseeding

equipme,nt to place initial and second plantings in areas of the impotmdment with steep side

slopes, difficult access or where using a spray nozle or hand line is feasible.

Reclamation Tvpe 3 - Amphibious Hydroseeding, would use amphibious tractors (swamp buggies)

for initial planting in areas on top of the impormdment that would not support conventional

wheeled or tracked equipment. The surface of the impoundment is expected to dry sufficiently

between plalrting seasons so that second plantings are expected to be carried out using

conventional drill seeding equipment.

Reclamation Tvpe 4 - Supplemental Dust Contol, involves work by Kennecott's reclamation crew

to provide dust control measures (e.g., irrigating, tackifring, hydroseeding dry spots) to reduce
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t I or eliminate fugitive dust in areas of the impoundment that dry out before the previous seeding

- 2 efforts take hold.

|l3

I 4 Reclamation Tvpe 5 - Trees and Shnrbs, includes plantings in areas previously vegetated using

I 5 Types 1, 2 or 3 methods. Trees and shrubs would be planted in clusters in the vizual buffer and

I 6 on select areas on the side and top of the imFoundment for vizual diversity. Plmtings of trees

I 7 and shnrbs would also occur on the top of the edge of the imfoundment to act as a wind break.

I 
8 Actual free and shrub species planted in the vizual buffer and along the impoundment would

I 9 depend on the species available at that time, but could include: Trees - bolleana poplar, black

I 10 locust nrssian olive, honey locust, and globe willow; and shnrbs - antelope bitterbruslr, stansbury

I tt cliffrose, basin big sagebrush and rubber rabbitbrush.

-12
t B Reclamation strategies specffic to each phase of the project (constnrction, operation, closure and

11 14 post closure) include:

t 15 Constnrction

I 
16 . t*t"t -e acreage disturbed at any particular time,

l| 17 . observing sedime,ntation control practices specified by fte Environmental Protection Agency

I 18 and the Utah Departuent of Transporlation, and

I 9 . reclaiming all areas outside of the actual tailings disposal area that are disturbed during

- 20 consfruction prior to startup of operations.

l2r
r 22 Operation

t 23 . reclaiming the impoundment exterior with each annual rise in the dike, and

I 
?A . using the toe ditch at the base of the impoundment to capture sediments and runoff from the

I 25 impotmdment slopes.

-26
t n Reclamation activities during operations would continue from the start of operation.

28

t 29 Closure

r 30 . subdividing the impoundrnent surface into manageable areas to be reclaimed sequentially

t

I
I
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I I r reclaiming all exterior slopes, access roads, pipeline routes and adjacent facilities ins[uding the

r 2 removal of all unneeded tailings management facilities

I3

I 4 Reclrmation activities during closure would begn one year before active tailings management ends

t 5 and would be erpected to continue for a number of years.

.r6
t 7 Post Closure

I , . 
""*r* *clamation monitoring and reporting

t9

I 10 Reclamation activities during post closure would begn after the [651 sssding, fertilization and

I tl irrigation actioity within each area and continue until the Division of Oil, Gas and Mining and

r 12 Kennecott determine that it is no longer needed.

I13
r 14 3.6.6 Residual Imnacts

l1s

., t6 Residual impacts after mitigation would be expected in the constnrction of the new impormdme'lrt

I n area and the resultrng approximately 250-foot embankme,nt. The vizual buffer placed in front of

I t8 the embankment would not totally mitigate the visual impacts of the relocated utility lines and fte

t Lg railroad next to I-80. The height of the vegetation in the buffer would not eliminate the visual

., 20 impacts for viewers at Saltair Beach and Resor! Great Salt Lake State Park, or on I-80 because

f| 2l of the large size of the embankmeng even though it also will be rwegetated. Views of the

I 22 Wasatch Mountains from Saltair Beach and Resorg as well as Great Salt Lake State Park would

l| 23 continue to be partially obstnrcted by the embankment.

-24
I 7 3.7 SOCIOECONOMICS

2

| 3 3.7.1 Affected Environment

l4
t 5 Kennecott's lailings Modemization Project (the Project) is located at the norhwestem comer of

,. 6 Salt Lake County at the foot of the Oquirrh Mounains next to Great Salt Lake, near the Sdt Lake

t 7 County/Tooele County boundary. The existi.g tailings impoundme,nt lies adjacent to Kennecott's

3-129
a

I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
t
t
I
I

I

2

3

4

5

6

7

8

9

10

l1

12

l3

14

l5

l6

17

l8

19

20

2l

22

23

24

25

26

27

28

29

30

smelter complex and the commrmity of Magn4 about 15 miles west of downtown Satt Lake CiU

and, just south of Interstate 80 and the Union Pacific Railroad mainline. The Project lies close to

xlssming metopolitan region whose population, within aone-hour commute, exceeds 1.2 million

and is growing by more than 25,000 persons per year.t

As one of Utah's mqior employers, Ke,nnecott directly supporB a payroll in excess of 2,500 mine

workers, and its purchase of goods and services provides income and emplolm.e,nt to meny

thousands of businesses and households. Kennecott accounts for more than one half of the value

of all metals produced from Utah's mines and a mqior share of Utah's (alrd nation's) exports

(Govemor's Office of Planning and Budge! 1994b). All of fris activity depends on the operation

being able to safely store and manage tailings, which are currently generated at a rate of about

153,000 tons per day. As described earlier, Kennecott's source of copper org the linghxn

Canyon Mine, contains proven and probable reserves to support production at cure,nt lwels for

another 25 to 30 years. The existrng tailings imFoundment can accommodate perhrys 15 to 20

percent of the projected 1.9 billion tons of tailings that would be generated over ttre remaining life

of the mine. Unless additional storage capacity is dwelope4 the Utah operation would be forced

to shut down wiftin the next decade.

This socioeconomic impact analysis examines the demographic and socioeconomic effects of

Kennecott's proposed altemative approach to meeting the ailings storage reErirements. The Nor&

Erpansion West altemative has the lowest total combined capital and long term operating costs

(including costs of environmental impact mitigation measures), and is thus the most cost-effective

altemative approach to meeting e,nvironmental protection reErireme,nts. The No Federal Action

altemative is also examined. This alternative would entail stopping Kennecott's Utah operations

when the existing leilings impoundment reaches its capacity arormd the year 2004.

Before the rmpacts of the two altematives are evaluate4 the current levels and nends of socio-

economic characteristics in the reglon will be summarized. The focus will be on Salt Lake and

lConsisting 
of the Wasatch Front counties of Salt I:ke, Davis, Morgan, Tooele and Weber (Governor's Offrce

sf Plenning and Budget, L994a\.
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Tooele Counties, which account for the bulk

Kennecott's Utah operations.

3.7.2 Baseline Characteristics

3.7.2.1 Population

of economic and social resoruces affected by

Utah's population, which was 1.73 million in 1990, is projected to reach 2.13 millisn in the year

2000,2.60 million by 2010, and 3.ll million by 2020 (Crovemor's Office of Planning and Budgef

1994a). Most of the increases will be the result of natural growb (births s:rcesding deaths), but

29 percent of the projected grourth over the next three decades will be due to a net surplus of

immigration.

Salt Lake and Tooele counties have bee,n oiperiencing overall year-to-year population growh rates

of one to two percent per year, reaching an estimated combined population of 805,000 in mid-1993

(Sdt Lake--777,000, Tooele--28,l00; Crovemor's Office of Planning and Budge! 1994b). Together

with Davis, Morgan and Weber Counties, which with Salt Lake and Tooele Cormties make up the

Wasatch Front goup of Utah's counties. Cormties in the Project region hold over thre+fourths

of Utah's total population. Relatively low housing costs and rapidly ucpanding employment

opportunities (from both internal and extemal forces), fueled by a business climate atfractive to

industies relocating or erpanding operations from elsewhere in the western states, ha've generated

extraordinary growft of population throughout the Wasatch Front.

Utah's population is relatively yomg, due to Utah's higher than average fertility rate. The 1990

Census revealed lfrrat 37 percent of the state population was under 18 years of age versus the

national average of just 26 percent. And while the over-65 years component was expanding

rapidly, its share of the totd state population was still significantly below the 1990 national

average--at 8.7 percent versus 12.5 percen! respectively. By 2020, the Wasatch Front counties'

population is projected to grow by more than 861,000 persons over the 1990 lwel, reaching 1.96

million. Of these, 1.28 million will be in Sdt Lake County, while about 49,000 will be in Tooele
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Cormty, mostly in the northeast comer next to Sdt Lake County (Govemor's Office of Planning

and Budgeg 1994a).

3.7.2.2 Employment

As noted earlier, Salt Lake County has a dpamic economy, stemming directly from Utah's overall

strong performance in recent years. Rapid growth of jobs has been the result. According to the

September 1994 Federal Reserve Bank of San Francisco's Western fuonomic Developmenls: "Utah

continues to report the fastest job growth in the nation, as August employment was up 6.4 percent

from a year ago."

Statewide employment in August 1994 stood at 861,500, with only 3.5 percent of the civilian labor

force rmemployed. The national unemployment rate in the same month was 6.1 perce,n! with some

states higher, zuch as Califomia at 8.9 percent (SF Federal Reserve Banlq 1994).

Two-thirds of the jobs in Utah are located in the Wasatch Front Counties, with Sdt Lake County

represe,nting nearly three-fourfts of &e group total. In 1991, total employed persons in Salt Lake

County numbered 469,834 (by place of work), composed of 399,883 wage and sdary workers and

69,951 proprietors and self-employed persons @ureau ofEconomic Analysis, REIS, 1994). Tooele

County's employed population numbered 12,967 persons, 11,058 of whom were wage and salary

workers and 1,903 were proprietors and self-employed. Table 3-18, presents the distribution of

employment among industial sectors for Salt Lake and Tooele counties in 1991. This is the

primary labor pool that will be affected by the Project.

3.7.2.3 Personal Income

Statewide, there has been sEong growth of income due to the rapid eryansion of investue,lrt,

employment and population since the late 1980s. Utah's total income in 1993 was forecast to be

$30.4 billion, up 7.3 perce,nt from 1992. The national economy, in comFarison, was projected to

have income growth of only 4.6 percent in the same period (Govemor's Office of Planning and

Budget 1994b). Continued stong growth in income is projected in the future, based on Utah's
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Table 3-18

Salt Lake and Tooele Counties

Conposition sf Enployment, l99l

Sector No. Jobs Percent

Farming

Agricultural senrices

Mining

Constnrction

lvlanufactuing

Transportation and public utilities

Wholesale, retail tade

Finance, irrurzmoe, real estate

Senrices

Govemment

Jetul F.mFloyrnent

1,350

2,508

3,610

23,284

52,979

30,499

109,432

44,696

r39,6'73

74,764

482J9s

03%

o.5%

0.7%

4.8%

tr-0%

6.3%

22.70/o

9.3Vo

28.9%

t5.5%

100.0%

Sor:rce: Bureau of Economic Analysis, 1994.

great atfiactiveness to industies seeking a favorable climate for investue,nt supported by a well-

educated work force and pro-business local govenrments.

Residents of Salt Lake and Tooele counties had total personal income of $13.7 billion rn 7992,

composed of $11.7 billion in labor eamings, $1.8 billion in transfer payments (mostly Social

Security and other retirement), and $1.8 in dividends, interest and rent (BEB& 1994). These

income flows yielded per capita income levels of $17,408 in Sdt Lake County and $14,810 in

Tooele County.
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3.7.3 Environmentd Conseouences

3.7.3.1 No Federal Action

Proiected Costs of Mne Shutdown

Denial of Kennecott's application to carry out the Project would force the company to cease

mining activities at the Bingham Canyon mins s1d associated ore tansportation, concentration,

smelting and refining operations in 1999. Ke,nnecott estimates that it could continue to operate at

current lwels unal2027 with the Project. Terrrination of operations would result in the foregoing

of over $22 billion in operating and capital expenditues over he Z9-year period (KUC, 1994a).

If the Project does not go forward Ke,nnecott estimates that it would speld about $38 million in

capital expenditures between 1993 and 1997 to pre,pare the exisritg tailings impoundment for

closure, plus another $19 million between 1999 and 2002 to carry out the actual closure. Table

3-19 presents the schedule of expenditures for the shutdown sce,nario. Operation of the existing

tailings impoundment before shutdown would reqtrire outlays of approximately $11 m;ltisa ttt
year until 1999, after which operating costs would decline to around $4 milliel per yeax ftrough

2002 nd then drop to $200 thousand per year (for dewatering activities) through the year 2031

(KUC, 1994a).

Ker:necott's mining and metal production activities currently include annual operating and capital

replacement outlays of approximately $750 million per year, for labor, energy and utilities,

materials and equipmen! and state and local taxes (KUC, 1994a). These outlays would cease,

beginning in 1999. Five hundred million dollars' worth of capital investuents in ocpanded

production capacity that was scheduled for the period 2002-2004 would also not be made. A low

level of activity would continue at the site, but the expendihues would be negligible: mine closure

costs of approximately $5 milliel per year would be incurred between 2002 and 2014, and

property maintenance and security services would be reErired until the mid-2020s (these would

gradually decline over time, initially amounting to about $2 million per year, but declining to

$500,000 per year by 20l$ (KUC, 1994a).
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Table 3-19
No Fcdcral Action Altcrrretive - Schcdulc of Paymenfs

(in millions of 1993 rilolbrs)

In all, a shut down of Kennecott's Utah operations in 1999, instead of 2027, would result in an

initial minor increase in totd mnud outlays of upwards of $12 million per year over current lwels

I
l,
l2
t
I

YEAR

1993

1994

1995

1996

t997

r998

1999

2@0

2001

20iJ/2

2001

2004

2@5

2006

2007

200E

2009

2010

20t I

20t2

2013

20t4

2015

20r6

2017

2018

2019

2020

2V2l

2gn

2W

20r24

2tr25

2C26

202'1

2028

2U29

2030

203t

lasuJ Kvr4l utplt ul&uvrr4uutpw!

CAPITAL CI.oSI'RE OPER.AJNNG CLOSURE LOST

OPERAIING
SUSTAINING

CT}ITAL
MAINT. &
sEc(mrr

I!ST
CAPITAL

CIMBINED
TOTAL

5.0@

12"000

12.000

l.0ll

4.771

1.774

4.nl

4.7t5

10.0@

4.000

4.0@

3i25
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o.2@
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0.200

0.2@
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0200
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0.200

0.500

5.0@

5.000

5.000

5.000

5.000

5.000

5.000
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as exist'.g tailings impoundment closure preparations proceeded. Howwer, from 1999 to 2027

the lost outlays in operating and capital expenditures would amount to around $750 million per

year. From 2028 to 2031 the only outlays would be a few hundred thousand dollars per year to

continue dewatering the existing tailings impoundment.

Economic and Social Impacts of Kennecott Shutdown

To estimate the economic impacts of he Projec! the IMPLAN system of input-ou@ut modeling

was used. IMPLAN, supported by the Minnesota IMPLAN Group, provides county-based data on

interindusty fiansactions among sectors of the local economy, upon which multiplier effects of

changes in demand and output can be estimated. The system is based on the national input-ou@ut

model dweloped by the Bureau of Economic Analysis of the U.S. Deparhent of Commerce.

Based on economic census data the national model database is disaggregated to the state lwel and

then to the cormty level. IMPLAN software then is used to estimate employment, income and

industial output multipliers for any grouping of counties (in this case, the entire state of Utah).

Kennecott's total value of production of copper, gold, silver and other minerals in Utah is currently

estimated to be approximately $900 million per year (in 1993 dollars; BEB& 1991b, and KUC,

1994a). Of this, approximately $750 million is absorbed in direct production and investuent costs,

as tabulated in Table 3-19. Among these outlays are payroll costs, purchases of goods and services

from local and non-local vendors (known as "intermediate inputs") and state and local taxes, all

of which become income to households and businesses in the state. The infusion of wages and

salaries, purchases, capital eamings (profir, rents and interest) and local ta:res has a multiplicative

effect on the regional economy because it stimulates successive rormds of spendittg and invesfuent

before ultimately being absorbed in savings or payrrents to nonlocal providers of goods and

services. The process of economic effects is divided into three levels: direct indirect, and

induced. Direct effects go to the initial recipients of an entity's spending, namely the employees

and the owners of the establishment or institution generating the activity, and the tar jurisdictions

where the activity is located. Indirect effects go to the zuppliers of goods and services bought by

the entity, wherein the zuppliers, in turn, re-spend their eamings from the initial pruchases to

rezupply their own stocks. Finally, induced effects occur as a result of the households receiving
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direct and indirect wage and capital eamings engaging in consumption spending that supports,

mainly, the tade and services sectors of fte regronal economy. By the end of the spe,nding and

re-spending cycles, the cumulative lwel of income, employment and ou@ut t5pically can exceed

the initial infusion bv factors of trvo to three or more.

Removal of a stream of direct sperlding from the economy can have a negative multiplier effect

which would result from shutting down Kennecott's Bingh66 Canyon Mine operation. To estimate

fts ma$itude and distibution of the economic impacts, IMPLAN models for Utah and for the

combined counties of Salt Lake and Tooele were constnrcted and fed scenarios postulating a $900

million reduction in gross ou@ut of copper ore and refined copper, gold and silver. The results

are pres€nted in Table 3-20, which shows the three levels of effects in three panels. Reading

across the panels, the first column shows the value of final sales by industies in each year. The

second column shows the value of intermediate inputs of goods and services purchased by

industies from one another and from non-local suppliers to produce the final goods and services.

The third column shows the value of worker compensation, including fringe benefits and social

security payments. The fourth column shows the eamings of proprietors and other properly income

(rents, dividends and interest). Local indirect taxes (mainly propeay and sales taxes) are shown

in the fiffh column, while the si:rth shows the contibution of all sectors to Gross Regional

Product2 The final column indicates the number of full time equivalent (FTE) annual jobs

resulting from the Project

Rwiewing Table 3-20, he company's annual output of $900 million per yeil ultimately zupporb

more than $1.6 billion per year in gross industrial output Utalr, implyrng additional

indirect and induced output equal to 78 percent of the Ke,nnecott's direct value of ouQut (IMPLAN

estimate, 1994). The cornpany's payroll of over $100 million (including friuge benefie but not

unemployment insurance andworkman's compensation) directly supports 2,285 full time equivalent

jobs; secondary (indirect plus induced) effects of the operation generate an additional 6,600 jobs

throughout the regional economy, yrelding atotal of nearly 8,900 primary and secondary jobs (3.89

the contribution to Gross Regional Product is equal to Total Value Added by regional industries, which is the

sum of employee compensation, proprietors' income and other capital Emfngs, and indirect business taxes.
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times the direct jobs). As the middle panel indicates, most of the indirect and induced employment

is generated in the mining, tade and services sectors, zupported by secondary wages and salaries

totalling about $156 million per year. These jobs and eamings would be lost with shutdown. The

Kennecott Utah operation directly and indirectly adds $445 million per yqr to Utah's Gross

Regional Product and generates an estimated $45 million in state and local indirect business ta(es.

Loss of the 8,900 direct, indirect and induced jobs, most of which are located in Salt Lake and

Tooele cormties, would essentially eliminate mining employment in the two counties, reduce

wholesale and retail tade employment by about 1.3 percent and reduce services employment by

almost 1.6 percent (based on comparison of the jobs data in Panel 3 of Table 3-20 with Table 3-

l8). While the latter two sectors would not be affected significantly on the wholg establishments

located in communities nearby the operation would be seriously rmpacted, notably in the Magna

area and communities near the Binghs6 Canyon Mine. Geographically, the socioeconomis imFacts

of shutdown would be conce,ntated near the Kennecott's operations, and it could be expected ftat

the fiscal conditions and service capabilities of adjacent local govemments and disticts would be

impacted by losses of sales and property taxes. Residential and commercial real estate values in

nearby communities would drop as working age owners move away in search of other employment

opportunities.

3.7.3.2 North Expansion West Alternative

Resource Requirements

The kinds and amounts of manFsv/er and material resources needed to expand the existing tailings

impoundment determine the Project's economic and social impacts. Kennecott has estimated that

total costs of labor, procurements of materials, constnrction and operating equipment, constnrction

manageme,nt services, land zupport services and sales and use tanes for the North E:rpansion West

altemative would amount to $531.91 million (in terms of 1992, fourth quarter prices) (KUC,

1994b). Approximately 90 percent of the expenditures would be made in Utah represe,lrting in-

state earnings to Utah workers and enterprises of $475.44 million (KUC, 1994b). County and local
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govemmens would be projected to spend an additional $28.56 million from additional sales and

properly tax eamings related to the Project.

The direct capital expenditures would be made over aperiod of swen years, two of which--1993

and 1994--have already seen preconstnrction outlays of about $90 millisa. Table 3-21, presents

Kennecott's proposed schedule for capital eryenditures on the Project. As can be seen, the bulk

of the outlays would occur towards the end of the schedule when the mdority of work on

earftworks and facilities installation would be performed.

*" 
""u"."ltt"11ln"ru"*"1Annual Inpacts, 2OO+2027 (Values in Mllions of 1993 Dollan)
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Economic Impacts

Table 3-22 presents a breakdown of the projected capital expenditures for the North Expansion

West altemative to be disbursed to Utah workers and businesses. The data cover all swen years

of the constnrction schedule, and were used to identifr the industial sectors of the regional

economy that would be stimulated by the Project. These data were formatted into inputs to the

IMPLAN model for the state of Utah. Direct openditures for constnrction first impact the

Project's consfiuction workers and the,n the Project's zuppliers of constnrction materials, equipment

and services. Their eryendittues, in turn" induce rounds of increased consumption spending ,Imong

households receiving income directly or indirectly from the Project, which ultimately adds up to

a multiple of the Project's original direct o<penditures. The multiplier effects can, howwer, work

in either direction. Reductions in capitat spending following completion of the Project would lead

to a reduction in regional incomes and employment over time, as zuppliers and households adjust

to the removal of the capital spending stimulus and the regional economy refirms to its pre-project

per capita lwels of activity (albeit at a higher overall level of activity due to continued population

and economic growth during the intervening years).

capitar t$:hffii Schedure

Year Capital ($'000
L992:4)

Cumulative

1993 21,088 21,088

1994 68,410 89,498

1995 81J66 171,264

1996 88,668 259,932

1997 123,557 383,489

1998 141,360 524,849

1999 7,060 531,909
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Year-to-year projections of impacts are contained in Table 3-23. As is indicated in the bottom

panel of the table, cumulative total industy outlays would be projected at over $830 millisa (1.e.,

the sum of total expenditures that would be made directly and indirectly in Utah--all in terms of

constant 1992 doltars). Workers would cumulatively eam around $210 million while business

profits and other capital eamings would amount to $122 million. Local governments would derive

over $48 million in local taxes, while Crross Regional Product would be increased by over $380

million. Total employment generated by the Project would be projected at over 10,000 worker-

years, with the largest increments occurring n 1997 and 1998.

The disnibution of the project's impace among economic sectors in the peak year is shown in

Table 3-24, agarn uslng the three-panel format. In that year, direct employme,lrt at the Project site

would be estimated at 1,181 FTE jobs. Indirect and induced multiplier effects translate the direct

employment and procurements into another 1,707 jobs elsevrhere throughout the state economy,

for a total of 2,887 jobs. Total worker eamings would be projected at $56 million while total

expenditues would be an estimated $220 millisa.
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Table 3-2:!

Sociocconomic Impac{s - North Erpansim West
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-PANEL 

I: UTAS EXP]iI.IDIruRES-DIRECT EFFECTS ($MM 1992:4) (INCL. LOCAL GOVT. SPENDING)
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To place these impacts into some context, the maximum number of nerr jobs in the peak year

would be projecte d at 2,887 FTE jobs, which is about six-tenths of one perce,lrt of the total number

of employed persons in Salt Lake and Tooele Counties in 1991 (see Table 3-18, above)' Taking

further gfowth into account between 1991 and 1998, by which time the two counties' employed

work force would number at least 530,000, it is wident that the Project would not place any

significant strains on the local labor supply. Most of the jobs growth would occur in the trade and

services sectors, which also are the largest ernployment sectors in the regional economy- Because

the Project would be able to hire most of its workers from the local labor force, it is unlikely that

any significant relocation of out-of-state workers and households would take place as a result of
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I I the projecq accordingly, no adverse impacts on housing and local govemment ffiastnrcture and

I 2 services would be likely to occur.

l3

t 4 At the end of the constnrction phase the work force would be laid off. This is not qpected to

I 5 adversely affect the regional economy, assuming that present robust growth tends continue. Other

I 
e industial investments collectively should absorb fluctuations in the work force. For the zubsequent

I 7 two to three decades, Kennecott would have an operating and maintenance crew in place, but their

t 8 activities would not represent a significant increment to the volume of work in &e regton; rather,

| 9 their work would zustain Kennecott's level of activity. Thus, operation and maintenance of the

I 
10 orpanded tailings impoundment would of itself have an insignificant but positive imFact on the

| 1l local economy. Far more significant would be the overall lwel of mining and metals production

a t2 activity made possible by Kennecott's continued ability to manage and store its tailings.

lt3

-14
I 1 3.8 HAZARDOUS MATERIALS/WASTE

-2
t 3 3.8.1 Overview

-4
t 5 3.8.1.2 Methods

6

I 7 An understanrting of hazardous materials and waste issues associated with the altematives was

I 
8 developed from a rwiew of documents related to the inventory, management clostue, and cleanup

I 9 of the former indusfiial facilities. In addition, meetings and interviews were conducted with key

f 
l0 agencies and environmental personnel from Kennecott Utah Copper Corporation (Kennecott)

I 1l regarding ongoing programs for hazardous materials handling and disposal.

t2

I 13 3.8.1.3 Applicable Statutes

t4

I 15 Potential federal regulatory statutes include the:

16

I 77 . Resource Conservation and Recovery Act (RCRA) of 7976 (42 USC 6901 et seq),
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. Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) of 1980

as amended (42 USC 96), and

. National Emission Sandards for Hazardous Air Pollutants (NESHAP) (40 CFRPart 61, Subpart

R).

Utah regulatory statutes include the:

. Utah Recommended Clean-up Levels (RCL$ in Utah Administrative Code (UAC) R3l5-101

and

. Utah Radiation Control Rules (UAC R313).

3.8.2 Issues

Hazardous waste issues associated with the altematives include existing conditions and potential

future conditions. The hazardous materials/waste discussion includes petroleum products. Issues

associated with existing conditions include the potential for:

. listing under CERCLA of the Kennecott North Zone, which includes the existrng lailings

imPoundment, 6 & Superfimd site;

. hazardous materials and/or waste to be left on site at the Chevron Garfield Phosphate Plant

(Garfield Plant);

. hazardous materials and/or waste to be left on site at the former Morton Sdt Saltair Facility

(former Salt Plant); and

. unreported spills of hazardous materials to exist along the Union Pacific Railroad (UPRR) dght-

of-way.

Hazardous waste/materials iszues associated with future conditions include the potential for:

. crushed and screened slag material used for a drainage blanket to be characterized as a

hazardous waste: and

3-t46
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' release of pefioleum products from the proposed fuel, oil and lubricant station.

3.8.3 Affected Environment

3.8.3.1 Kennecott North Zone proposed Superfund Site

On January 18,1994, the Environmental Protection Agency @PA) proposed the Kennecott North
Zone for inclusion on the National Priorities List (NPL) as a Superfirnd site rmder CERCLA. The

status of the proposed listrng is described by the Utah Deparment of Environmental euality,
Division of Environmental Response md Remediation (DERR) in a letter to the U.S. Army Corps

of Engineers (Corps) dated December 6,1994, as follows:

The proposed lisfing for the North Zone included 28 sites or facilities suspected of being

contatninated or have the potential for releasing conknnincmts to the environment. Of these 2g

sites, 4 were analyzed to score the enfire North Zone. They were the Tailings pond, Magma
Soils, Refnery Evaporafion Pond and the Smelter Slag Piles. Magna soils were suspected of
being contanninated from Smelter emissions and blowing tailings from the pond. These soils

were sclmpled and analzed by EPA in the summer of 1994 and were found to contain lead and
arsenic at concentrations below those of concern. The other 3 sites relate principatly to ground
water.

For the tailings pond in particular, the concentrations of metals are well below levels of concern

according to data provided by Kennecott to EPA. Therefore, the tailings themselves are not
considered lnzardous. A person could live on the nilings without tmacceptable exposure to

heany metals.

The DERR also er<pressed concem that the large volume of metals that will be deposited in fte
new tailings impoundment may have the potential to leach into the ground and surface water.

Water quality data and geochemical testing data presented in ftis DEIS, Section 3.3.3 Crround

Water Quality, indicate that the potential for metals to leach from the exisfng tailings

impoundment is quite small.
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Kennecott submitted an extensive response to the proposed lisn"g for which more than 3,000

comment letters were received by the EPA. The comme,nt period on the Proposed North Zone

ended June 20, 1994. EPA is in the process of responding to the public comments, a process

which has the potential to take 2 to 3 years. Regardless of the outcome of the proposed fisting,

Kennecott is tasked to clean up areas of known hazardous zubstances, zuch as the former Chewon

Phosphate Plant and the former Morton Sdt Facility (Preston Chiaro, personal commtmication,

1994). Cleanup of these facilities is proceeding, however, not under the Superfund program; and

the activities are well defined and documented. Cleanup of the former Morton Sdt Facility was

completed during 1991 and is ongoing at the former Chwron Phosphate Plant. The stntus of these

trvo facilities are discussed separately within this section.

The process by which the boundaries of the proposed Ke,nnecott North Zone Superfund site will

be determined are described in a letter from Region VIII EPA to the Corps, dated October l'1,

1994. This process includes:

l. Areas will be identified where historic facilities were located, where dumping of waste is

suspected to have occurred, or where soil and/or ground water contamination is zuspected to

exist. The Garfield Plant, former Sdt Plant existing lailings impoundmen! and the proposed

wetlands mitigation area are included in this evaluation.

2. EPA expects that Kennecott is conducting an e,nvironmental assessment on the properties

owned by Kennecott. This assessment will include the collection and analysis of soil,

sediment and water quality samples.

3. Analytical results for the environmental assessment will be compared b scree,lring lwels. If
screening levels are not exceeded, then the area rnay not be considered for firrther action. If
screening lwels are exceede{ then the area will be considered for further action.

The October 17, 7994 letter from EPA to the Corps also provided a list of nine data requirements

for the environmental assessment phase of the Superftrnd process. In a letter to EPA, dated

December 28, lgg4, Kennecott provided documents to respond to the nine data requirements.
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Kennecoff declared many of the documents to be confidential business information pursuant to 40

CF& Section 2.203. Information that address most of the data requirements are provided herein.

The nine data requirements listed by EPA apply to the existing tailings impoundment and proposed

North E><pansion West area of the Proposed North Zone Superfund Site are as follows:

Data Requirement No. 1- A survey of soil and sediments for hazardous substances in the

Wetland Mtigation Area- Primary focus should be on inorganic substances likely to have been

emitted by the smelter and runoff from Kennemtt operations.

Pending approval by the Corps and U.S. Fish and Wildlife, Kennecott will collect sa'nples of
sediments and surface water in the mitigation area for analysis of orgmic and inorganic

constituents, including arsenic, copper and selenium. This sampling prognm is described in the

"Draft Wetlands Water Quality Sa-Fling Prograrn: Kennecott North Expansion Mtigation
Projecg" prepared by SWCA for Kennecott, dated October 1994. Existrng analytical daa for
metal concentations in soils in the mitigation axea axe sunmarized by Kennecott in a letter to

Corps dated December 19, 1994 and in this section as well.

Data Requirement No. 2 - Existing water qudity for the wetlands in the mitigation are4 the

Morton Salt ponds, and the Chernon ponds and drainage outlets. Existrng water quality of the

North Point Canal, Blackhawk Ponds, Goggn Drain, Artesian wells, C-7 Ditch, and Lee Creek.

Surface water quality data are summarized and discussed in Section 3.3, Water Resources.

Data Requirement No.3 - Existing wastes on the expansion area: chemical analyses, leach tes8,

volume estimates, evidences of releases off-site, and disposal or other mila€iement plans for each;

salt piles and ponds, phosphogypsum piles and ponds, vertical migration of wastes, disposal and

reuse plans.

Existi.g wastes in the expansion axea are discussed later in this section for the former Chevron

Phosphate Plant and the former Morton Salt Plant. The potential for leaching and vertical

migration of wastes is discussed in Section 3.3.
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I I Data Requirement No. 4 - Constnrction details of berms and dikes and sources of materials.

)2
I 3 Consfitrction details of berms and dikes and sources of materials are described in Chapter l,

11 4 Project Description.

ts
I 

6 Data Requirement No. 5 - Surface and subzurface drainage plans for the pond itself, and any

t 7 teahent or other man€eme,nt for such waters

t-8
t 9 Surface and subsurface drainage plans are described in Chapter 1, Project Description and in

- 10 Section 3.3, Water Resources.

I11
r 12 Data Requirement No. 6 - History of previous breaches of existing dikes - where, when, why,

I 13 volumg impacts.

-14
I 15 Histories of previous breaches of existing dikes are not ad&essed herein; howwer, Kennecott

I 16 submitted four confidential documents in zupport of their response to this data reErirement.

lr7

I l8 Data Requirement No. 7 -Data on the geophysics of Bonneville clay - continuous? thickness?

I 19 permeability? fracture zones? Any other engineered features which would protect futue ground

- 20 water impacts?

I2r
- 22 The physical properties of the Bonnwille clay are described in Section 3.3.3 Ground Water

t 23 Supply.

-24
ll 25 Data Requirement No. 8 - Impact of previous discharges on the beach materials and sediments

26 of Great Salt Lake.

127

I 28 Kennecott zubmitted a copy of "Heavy Metals in the Great Salt Lake, Utah," by Paul L. Taylor,

t 29 Lpn A. Hutchinson, and Melvin K. Mufu as their response to this data requirement (1976). The

I 30 objective of the study described in this document was to determine if copper, zinc, cadmium,

I 3l mercury, lead and arsenic were concentrating in Great Salt Lake. This 1976 document concludes
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that l) concentrations of total and dissolved metals in the lake are very small, and in the case

of copper, .itc, and cadmium are smaller than in inflowing sfieams; md 2) it appears that metals
are precipitating along with clays, organics and carbonates in botlom sediments where anaerobic
bacterial action is immobilizing the metals.

Data Requinement No. 9 - Fill out a revised "Environmental Assessment Check List" for the
following areas: Chernon facility, Morton Salt facility, and Wetlands Mtigation site.

Environmental Assessme,nt Check Lists are being prepared and till to be provided to EpA.

Fifteen (15) soil samples were collected in the mitigation area md the analnical data for these

samples are compared to conce,ntrations reported by Shacklette and Boenrge,n (1984) for average

westem soils are shown in Table 3-25.

Table $25
Results of Soil Sampling Mitigation Site

Metal Total Metal Concentations in Mitigation Area Soil (m/kg)
Average
Westem
Soi(a)

Number Mean Minimum Ivlanimm Standard
Deviation

Ars€nic 7.0 l5 ll 4.0 22 6.2
Boron 29 6 53 I 98 37
Cadrnfum NA 15 0.40 4 4.0 ) 1.3 0.30
Lead 20 l5 27 7.2 l8 l8
Mer"rr.y 0.06s l5 0.033 0.02 0.014 0.014
Selenium o.34 l5 0.56 <0.5 0.67 o.67
Znc 65 6 58.-------) 33 'q=-, 

-
'6 26

NA -a

18

l9
20

2l
22

23

24
25
26
27
28

29

30

31

32

itt" 
L

,/t ne-

(
+tni"'

9ol"tf

T

T

I
t

/ -=-t\oto* ?<<._ ;r .l-l-lll
.,4'- -7t'a:. t<, f- f

These data indicate that the *o.*o"io* in soils i"/,iriritgation area are similar to other

westem soils. $amFle locations proposed in the October 1994 Sampling Plan are shown on Figure
A-9, Appendix A. According to Kennecotg analytical data for the sediment samples will be

available in mid-January 1995. It appears that the nine data reErirements identified by EpA can

be addressed using existrng data that has been generated or compiled by Kennecott; therefore,
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implementation of the North Expansion West altemative would not cause additional imFacts to

CERCLA investigation actions.

3.E.3.2 Former Chewon Phosphate Plant

The North Expansion West altemative includes the 585-acre former Chwron Phosphate Plant

Beginning n 1952, raw materials consistrng of phosphate rock conce,nfiate, sulfiric acid alrd

anhydrous ammonia were imported to the site to produce phosphoric acid and dry phosphate

fertilizers. Phosphate rock containing calcium phosphate was dissolved in sulftuic acid to form

phosphoric acid and rypsum (calcium sulfatQ. The gtrpsum was filtered from the phosphoric acid

and slurried to the gypsum tailings imFoundment (gpsum stack) and the phosphoric acid was

conce,ntrated and sold. At fte time production ceased in 1986, phosphoric acid md dry phosphate

were being produced at rates of 150 tons per day (tpd) and 200 tpd, respectively. Since 1986, a

portion of the gypsum from the phosphoglpsum stack was mine4 processed for sale, and sold as

a soil additive for off-site applications. Reportedly, the footprint of fte phosphogprysum stack

covers about 385 acres.

Hazardous waste/materials issues associated with the former Chewon Phosphate Plant and their

stahrs are sunmaxized as follows:

. Ground water quality

- An addendum to the Crrormd Water Discharge Permit Application was zubmitted to the

Deparhent of Water Quality (DWQ) during May 1994 which includes ground water quality

dat4 and

- Sheppard Mller, Inc. (SM) prepared Investigation of Glpstack Chemistry, Final Reporf

dated December 1994 which summarizes shrdies to measure the extent and rate at which

gypstack solids will dissolve in tailings water and determine if fre $rpstack materials would

pose any chemical threat to adjacent surface and ground waters if dissolved.
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Process plant soils show some impacts including:

- total petroleum hydrocarbons (TP[D at concentrations up to 6,400 milligrams per kilogram

(mdkg) versus the Utah Level III reference concenfiation of 500 mglkg,

- naphthalene at 28.4 mdkg versus the Utah Level II reference concentration of 10 mg/kg, and

- radium-226 at 16.9 (+ or -3.18) pCi/g versus the Utah reference level of 10 pCi/g.

Soils that exceed reference lwels are in the process of being removed.

Polychlorinated biphenyl (PCB) - containing materials ins[uding capacitors and transformers

were identified by Kennecott as part of a detailed assessme,nt of the site. As of November

1994, all PCB-containing niaterids had been removed from the site, concrete slabs were wiped

clean, sealed and tested. Documentation is available in the form of repor6, memos, manifests

and the like for the testing, removal and disposal of transformers, capacitors, bushings,

transformer oils, and concrete slabs.

Asbestos-containing materids were identified on site. Removal of friable asbestos began

during August 1994 and was completed during September 1994. Removal of non-friable

asbestos is scheduled to be completed during Febnrary 1995.

Phosphorypsum stack materials are currently planned to be left in place and at a 10 to 15-

feet per year rate of rise, would be covered by tailings after about 2 yeus and under 200 feet

of tailings after about 20 years of spigotting. Iszues associated with these materials include the

potential impacts to ground water quality, potential for radon flux to exceed the reference lwel

of, and current exemption from RCRA by the Bevil Amendment. The potential for the

phosphogypsum stack materials to impact water quality is addressed in several reports

zubmitted to the DWQ and is discussed in Section 3.3, Water Resources.

A mean radon flux of 0.477 pCi/m2-sec versus the federal standard of 20 pCilm2-second was

calculated from the results of 147 radon flux measurements (RUST, 1994) made during

December 1993. Additional radon flux testing was planned by Kennecott to be conducted during

October or November 1994, after consolidation of several piles of phosphoglpsum is completed
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to comply with 40 CFR Part 61, Subpart R Results of these more recent radon flux

measurements are not yet available.

' Process water settling basins and ditches were sampled and radium-226 was detected. The

former process water settling basins and ditches will be encompassed in the proposed tailings

expansion area More than 200 feet of tailings will cover these materials reducing any potential

exposure.

. former landfrll - A landfill that is no longer in use contains a reported 13,800 cubic yards of

solid waste. Soil sampling was conducted; however, no hazardous waste or Tordon (herbicide

added to fertilizer) were detected. No abatement of the landfill is planned beyond what needs

to be removed and placed in a permitted solid waste landfill for conslnrction reasons.

dscolding to letter from Kennecott to the Salt Lake City - County Health Deparment, dated

January 3, 1995, ..-Removal of all hazardous materials, such as containerized waste, asbestos,

PCBs, and related materials has been completed in accordance with applicable laws and

regulations. The dismantling of processing buildings and equipment is scheduled to start in

February 1995. Kennecott plans to place unsalvageable material on the phosphogypsum stack.

This material includes ...miscellaneous wood, stractural steel, fotmdafion and miscellaneous

concrete, similar building materials, as well as miscellaneous equipment from the fertilizer
producfion facility.

A Kennecott interoffice letter dated May 23,l99l provides Toxicity Characteristic Leach Potential

(TCLP) analysis of a sample of gypsum collected from the gypsum stack. These data indicate that

the phosphorypsum stack would not be classified as hazardous material based on TCLP and are

summarized in Table 3-26.
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Table 3-26
Toxicity Characteristic Leach Pote,ntial

of the Phosphoglpsum Stack

Metal TCLP Concentrations in mg/l)

Sample Duplicate Reference
Lwel

Silver 0.04 o.02 5.0

Cadmium 0.07 <0.01 1.0

Chromium 0.13 0.02 5.0

Barftm <0.01 0.2 100

I*aA 0.42 0.14 5.0

Ars€nic 0.53 0.72 1.0

Selenium 0.36 o.l2 1.0

Mercury <0.0001 <0.0001 0.2

t:
T:
t,;
l::
r13
r 14 In addition, phosphoryspum from phosphoric acid production is cure,ntly exempted from RCRA

I 15 by the Bwill Amendment.

t16
r 17 3.8.3.2 Former Morton Salt Plant

r18

I 19 The former Morton Salt Plant is located at 8800 West North Temple, approximately ll miles west

I 20 of Salt Lake City, south and east of Great Salt Lake and Interstate 80 and immediately north of

I 27 the existing tailings imFoundment Operations began during the late 1800s. In 1991, the plant

I 22 consisted of 1,650 acres, most of which are shallow eveoration cells, and aprocessing plant which

I 23 washed, drie4 and processed the product.

124

I 25 To produce salt, water was pumped from Great Sdt Lake into a series of waporation cells. Water

I 26 was evaporated and the concentate was pumped to crystallizer ponds for salt crystallization. After

I 2l crystallization, the remaining 1iq,n4 called bittem, was discharged to Great Sdt Lake. Salt crystals

t 28 were scraped from the pond floor, and placed in a storage pile near the processing plant. Salt was

I 29 washed, dewatered, drie4 packaged, and shipped.

130

t
I
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Decommissioning of the former Morton Salt Plant began during 1991 and was completed in 1993.

Intemal Kennecott memos, site activity reporB, invoices and contracting documents describe

actions taken to remove hazardous and other t5pes of materials from the former Morton Salt Plant.

Actions have included the following:

. Asbestos-containing materials were sampled and removed.

. PCB -containing materials including fiansforrrers, were sr-pled and removed.

' Buildings were demolished and clean wood, brich concrete and other solid debris were

disposed.

. Scrap metal was removed and recycled.

. A former landfill was characterized as containing waste salt, packaging materials, md

constnrction and building debris and will be left in place.

. Tbo underground storage tanks were abandoned in-place, prior to 1991, prior to

implementation of federal and Utah UST regulations, and prior to purchase by Kennecott.

. Oil containers, cleaners and painting supplies were removed.

3.83.4 Railroad Right-of-Way

The Federal Emergency Response Notification System (ERI.{S) list was reviewed to identiff

reported spills along the Union Pacific Railroad right-of-way. The ERN system is a national

database used to compile information on reported releases of oil and hazardous substances. The

database contarns infonnation from spill repore made to federal auftorities including the EPA, the

U.S. Coast Cruard, the National Response Center (I{RC) and the Deparhent of Transportation.
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r 1 A search ofthe database records for the period of 1980 to 1993 revealed that the railroad right-of-

I 2 way was not on the list.

I3

f 4 3.8.3.5 Slag for Drainage Blanket

t5

I 6 A &ainage blanket would be constnrcted of slag materials produced by Kennecott smelter

|l 7 operations. This material is currently held in stockpiles north of the smelter and west of the

I 8 existing tailings impoundment and would be crushed and screened prior to fransport to the drainage

t 9 blanket constnrction area" A large database exists for the leachability of the sl4g materials.

I l0 Kennecott is currently consolidating and updating these data which indicate that leachate from the

I tt slag is not hazardous. In addition" sl4g from primary copper smelting operations is currently

f 12 accepted from RCRA by the Bwill Amendment.

rts
- 14 3.8.4 Environmental Conseouences

rts
r 16 3.8.4.1 Impact Types

rtl

I 
tt Potential impact tlpes include:

r 19 . sfuangeS in the cost or scope of ongoing

t 20 - investigation actions,

I Zt - compliance actions, and

l 
r, - remediation and/or removal actions,

a 23 . chmges in the nature and extent of existing contamination,

a ,O . generation and release to the environment of hazardous materials/waste, and

I ZS . potential compliance actions under current or proposed rules or regulations.

-26
a 27 3.E.4.2lmpact Locations

r28
I 29 Tmpect locations include:

-30
I 31 . former Chewon Phosphate Plant,

r 
3_157
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. former Morton Salt Plant,

former and relocated railroad right-of-ways,

fuel, oil and lubricant station" and

existing tailings imFoundment.

3.8.5 Comparison of Alternatives

Impact intensity and duration are summarized and compared for the No Federal Action altemative

and the North Expansion West altemative.

3.85.1 No tr'ederal Action

No Federal Action altemative would have no impact to the hazardous materials/waste tSpes and

locations. Clean-up activities of the former Chernon Phosphate Plant and former Moran Salt

Facility would continue; no other sampling/testing would occur on the tailings or eripansion area

3.8.5.2 North Erpansion \ilest

A fuel, oil and lubricant station would be required to support the mobile equipment that would be

assigned to the North Expansion West alternative area The design, constnrction, and operation

of this station will be in accordance with federal and state regulations goveming the storage of

pefroleum hydrocarbons. The North Eryansion West hazardous materidsAraste investigations,

semFliance action" remediation, and removal actions; and the potential for generation and release

of hazardous materials are summarized nTable 3-27.
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Table 3-27
North Expansion West Alternative Effects on hazardous MaterialsMaste

3.8.6 Proposed Mitisation

Proposed mitigation for the Project includes the following:

. proposed Kennecott North Zone Superfrrnd site - perform any CERCLA-related investigations
or actions prior to construction of the new impor.rndmenf,

. former Morton Salt Plant - mitigation is recommended if pefioleum hydrocarbons were released

from the reported historic UST at the former Salt Plant, then contaminated soils may need to
be removed or remediated prior to constuction of the altemative,

. railroad right-of-way no mitigation is proposed,

. tailings - no mitigation is proposed.

t9li\
23ri!
27

t18
30

rit
l1!

36

I1"
39

lii
42

rri
lli
I
I

Impacts llpe Impact Locations

Former Chevron Phosphate
Plant

Former Morton
Salt Plant

Former and

Relocated
Railroad Right-

of-Way

Fuel, Oil, and
Lrbdcant

Station

Exisling Tailings
Impoundment

Changes to
Ongoing
Investigations

ruruer rnvesugauons oI
phosphogypsum stack would
not be possible

No Impact No Impact No Impact Some moottor wells would
necd to be abandoned and

replaced (a)

changes to
Ongoing
Compliance

Actions

No Impact No Impact No Impact No Impact No Impact

Chatrges to
Ongoing
Rernediatior/
Removal Actions

All hazardous wastc/materials.
would be removed

No Impact No Impact No Impact No Impacr

Changes to
Natrrc and E)ctent

of Contamination

Significant impacts to
grcund water quality are not
expeded

Tailings water
could dissolve
and ffush out
salt (a)

No Impact No Impact No Impact

Gcneration and

Release of
Eazardous
MaterialV
Waste

Geochemical studics indicate
that polential is small (a)

No Impact No Impact Lnw potcatial

for release of
fuels tro

envimnment.

No Impact

Potential
Compliance
Actions under
Currcnt or
hoposed Rules
or Regulations

Bevill cxernption of
phosphogypsumand slag
could be revoked

No Impact No Impact No Impact No Impact
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3.9 CULTURAL RESOI,JRCES

3.9.1 Overview

Cultural resources include historic properties that reflect our heritage. Federal regulations define

historic properties rs fgildings, sites, disticts, stnrctures, or objects included ln, or eligible for

inclusion in, the National Register of Historic Places, as well as artifacts, records, and remains

related to such properties. Historic properties are protected by a number of federal and state laws

in addition to NEPA, especially the National Historic Preservation Act of 1966, amende4 md its

implementing regulations (36 CFR 800). The primary purpose of the cultural resources studies

undertake,n for this Project is to ensure that it is planned and implemented in compliance with this

body of legislation. Compliance reqtrires identification of potential impacts upon historic

properties, and due consideration for avoiding or minimizing any adverse impacts that migbt be

identified.

Prehistoric resources are defined as properties and associated artifacts that date from before the

time of written records, which do not appear before the arrival of Euro-American explorers md

settlers in the 1840s. These resources represent Native American cultures and societies and their

importance generally stems from their potential to yield valuable information about prehistory md

the development of human cultures.

Historic resoluces are defined as those properties that were occupied or used after the time when

written records became available. Ordinarily, properties must be at least 50 years old in order to

be deemed historic. The importmce of zuch properties, as viewed from the perspective of federal

and state preservation guidelines (36 CFR Part 60), lies in their potential to yield important historic

information; from their association with historically important persons or with events that hare

made a meaningful contribution to the broad pattems of history; or from the fact that they embody

distinctive architectural or artistic characteristics, or represent the work of a master.

Ethnohistoric or ethnogaphic resources are locations of heritage importance to contemporary

Native American communities. Major federal legislation requires the consideration of ethnogaphic

3-160



T

I
I
I
I
t
I
l
I
I
I
I
I
I
I
I
I
I
I

I

2

3

4

5

6

7

8

9

10

ll
l2

13

l4

l5

16

77

l8

l9

20

27

22

23

24

25

26

27

28

29

30

3l

locales and concems in e,nvironmental documents. These requirements are included in the same

laws that protect prehistoric and historic properties as well as the American Indian Religious

Freedom Act (Public Law 95-431).

The regional overview, records search and inventory, and inte,nsive survey of the study area are

documented in several technical reports (Heath, 1993; Heath and Jones, 1994). These are

abstacted here.

3.9.2 Issues

Impact issues for cultural resources focus on the pote,ntial loss or degradation of archaeological

sites, special stahrs culturd resources, and traditional culturd resoluces. For this Project, the

potential for effects on historic resources is the primary concern. Three specific factors that can

potentially lead to loss or degradation of archaeological and historic sites are:

Direct effects - Permane,nt ground alteration during constnrction, las[uding the covering of

historic properties with tailings, or adjacent ground distubing activities.

Indirect effects - long-term visual and auditory intnrsions or disturbance of resources due to

increased public accessibility.

3.9.3 Affected Environment

A substantial amount of previous research has been directed at reconstnrcting the cultud history

of this region. The general prehistory of the Eastem Geat Basin has been addrressed by Heizer

and Hester (1978), Jennings (1978) and Madsen and O'Connell (1982).

The region around Crreat Salt Lake has been occupied since at least 9500 BC. The first 4,000

years of occupation, during the Paleo-Indian period, is poorly represented. Most widence consists

of isolated artifacts left by small bands using large Pleistocene mammals and other resources,

especially along the edges of freshwater marshes. This suggests that these bmds used a mixed
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subsistence statery associated with marsh resources. (Aikens and Madsen" 1986:154). In Utab

fluted and stemmed points are associated with the Paleo-Indian period often in association with

the bones of mammoths, mastodon and other extinct mammals (Hotner, 1986).

As the megafarma became extinct during the Archaic stage (between 550 BC and AD 450),

aboriginal bands modified their subsistence sfiategies to include a wider ranFng hunting and

gathering pattems that focused on smaller game and wild plant foods. During this stage, roasting

pits and grinding stones, which commonly are taken as evidence for vegetal food processitg,

become more cornmon. One of the classic ways to define 6e Archaic stage has been through

changes in project'ile point technology. The large lanceolate spear point of the Paleo-Indian period

gave way to side-notched and corner-notched points used with a throwing stick or atlatl. Mmy

researchers (i. e. Jennings, 1990, Madse,n, 1982) further divide the Archaic stage into the Early,

Mddle and Late periods.

The Early Archaic (7000-3500 BC) settlement pattern is mostly resticted to caves located just

above the lake shoreline and to open encampments near marshes and springs. By the Mddle

Archaic (3500-1500 BC), an expanded resource base was being utilized and in addition to

lacustian resources, plant and animal resources associated wift fosthills and high mountain regions

came in to play. The late Archaic (1500 BC-AD 400) witressed a wetter environment during

which lake levels rose, submergng many of the previously utilized marsh resources. During this

period, many lower elevation sites were abandoned in favor of higher elevation locations, where

resources zuch as pinyon nuts and grass seeds could be exploited (Madsen, 1982).

The Fremont Cultual Complex (AD 400-1300) is a Formative stage dwelopment, often associated

with greater sedentism, or settled lifestyles, and maize agnculture. This complex characterized by

pithouses, surface storage stnrchues, pottery, trough metates, bone tools, omaments and figurines.

While -any of these aspects of material culture are a result of in siu dwelopment of the precerling

Archaic cultures, there was also some diffirsion from Formative groups to the soufr, such as the

Kayenta and Virgin Anasazi.
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Fremont groups varied in their dependence on maize agnculture (Simms, 1986). In northem Utah

and in the areas round Great Salt Lake, they were more dependent on marsh resources, although

horticulturd villages have bee,n identified near Cnantsville, west of the study area and along the

east shore of Great Sdt Lake, near Willard (Judd, 1926). Certainly, any Fremont sites around the

Oquirrh Mountains would have been utili"irg marsh resources, as the soils are too saline for

productive horticulture. This greatly reduces the potential for large Fremont villages within the

study area

During the Late Prehistoric (AD 1300 to 1600s) there was an abandonment sf mei'e-based

subsistence and a retum to generalized hunting and gathering, especially at the marshes at the

fringe of Great Salt Lake (Simms et al., l99l). The period is characterized by a shift to crude

pottery and the appearance of small Cottonwood and Desert Side-notched project'rle points. These

differences in material culture are ofte,n atfiibuted to the arrival of Numic (Shoshonem) speaking

groups whom linguists suggest expanded across the Great Basin ryproximately 1500 years ago

(Lamb, 1958; Simms, 1990).

The Protohistoric period (AD 1550-1840) refers to the time interval when Euro-American culture

initially affected Native American lifeways. J[s assimilation of European imports, materials, and

culture, including the horse, firearms, and manufactured goods had an enormous affect on Native

American settlement and zubsistence pattems. During this ethnohistoric er4 the Affected

Environment was principally the tenitory of the Weber Ute who were almost certainly Norhem

Shoshone. Other groups included the Timpanogots Ute to the southeas! the Hukunduka or

Promontory Shoshone to the northeast and the Skull Valley Gosiute to the west and southwest

(Chamberlain, 19ll). At the time the Mormons began moving into Great Salt Lake Valley in

1847, the Weber Utes were driven to the south, well away from the study area (James and Singer,

le80).

Like Archaic and Late Prehistoric occupations, protohistoric sites would probably consist of small

scatters of lithics and fire-cracked rock. These would most likely be located on terrace edges md

on islands, dikes or other elevated landforms in association with fresh water marshes.
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The study area was qoickly exploited following the settlement of Great Salt Lake Valley. This was

due, in part, to its location along the main fiansportation route between the Salt Lake and Tooele

valleys as well as points west but also because of the range of resources present. By the 1850s,

salt was being extacted from the hyper saline waters of Great Sdt Lake, mill stones were being

quarried from the Oquirrh Mountains, and cattle were brought to graze the land in between. By

1891, three different railroads had been built around the north end of the Oarirrh Mountains and

sweral resorts, including Garfield Beach and Saltair Resort had been built to service the growing

population of Salt Lake City (Fuller, 1983).

Developme,nt of the area accelerated with the establishment of the Inland Salt Company in 1889

and especially, the Boston Consolidated Copper Mining Company Ltd. in 1898. Veins of copper

sulphide ore had been discovered in Bingham Canyon, to the southeas! and by 1907 n, efficient

system of open-pit mining, using steam shovels, had been developed. In 1903 the Utah Copper

Company was founded and huge new smelter, mill, s1d steam electric generating plant was built

by ASARCO in the vicinity of the study area- New rail connections were also made to provide

easier access between the mine and production facilities. In addition, sweral communities of

workers were established, including Magna" Raglown, Garfiel4 and Bacchus (Arrington and

Hansen, 1963; Hulse, 7964; James and Singer, 1980).

Over the years, as the copper market ebbed and flowed, the facilities were periodically upsize4

downsized, and occasionally shut down altogether. In 1920, the plants were @nverted to the new

flotation process for o<facting and conce,lrtrating ore. By 7923, the Gtrggenheims had consolidated

both companies in their Kennecott Utah Copper Corporation. In 1950, and again in the 1960s,

major improvements were made of Kennecott's facilities. As a result, and because of eryanding

salt evaporation ponds, chemical production facilities, and orpanded transportation facilities, much

of the evide,nce of earlier occupation and ut'rlization of the this area has been lost (Arrington and

Hansen, 1963; Hulse, 1964; James and Singer, 1980).

3-164



t
t
I
I
t
t
t
I
I
I
I
I
I
I
t
I
T

t
I

1

2

aJ

4

)

6

7

8

9

l0

ll
t2

13

t4

15

l6

t7

18

19

20

2l

22

23

24

25

26

27

28

29

30

3.9.4 Environmental Consequences

3.9.4.1Results

Direct physical impacts to historic properties which might be present can occur during any ground

disturbing activities associated with the Project. Direct impacts to archaeological sites will vary

as a function of site tlpe, tenain, and consfiuction technique. Whatener the conditions and

techniques, they can be expecte6 16 imlract fre integrity of any historic property in the path of

constnrction. Indirect impacts can result during or after constnrction due to improved access,

which makes archaeological sites more vulnerable to accidental or deliberate disturbance. Indirect

impacts may also result from altering the setting adjacent to sites that are important for values

other than their information content.

To date, most of the potentially affected area has been inventoried and the historic properties

identified have been recommended for National Register of Historic Places (I.{RIf) eligibility

(Heath, 1993; Heath and Jones, 1994). These documents have been zubmitted and mofficially

rwiewed by the Utah State Historic Preservation Officer (SHPO). However, no formal request for

consultation has been made to the SHPO by the Army Corp of Engineers (Jim Dykman, personal

communication, December, 7994).

Two portions of the proposed affected areas have yet to be inventoried. The first of these is the

existing tailings imFoundme,nt along with the pumphouses and associated roads, pipes md

facilities. This property may be found to be eligible for the NRHP. Howwer, portions of this vast

facility that would be potentially affected by the Project have been hearrily modified and it is

probable that they would not be viewed as contibuting to the significance of the property.

Second large portions north andwest of the existtng lailings imPoundment were left unsurveyed.

This area is dominated by salt evaporation ponds and much of the additional areas are heardly

disturbed. However, both the Utah state Archaeologist and the Utah SIIPO have indicated concem

over some portions of these wetlands, especially along any extant natural dikes or sloughs were

prehistoric encampme,nts migbt have occurred and which may hare dried out somewhat since the
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earlier survey. They have indicated that this area might need to be re-evaluated and some areas

field-checked (Kwin Jones and Jim Dykman, personal communicatioa 1994).

During the two class III suweys, no prehistoric properties were identified wiftin the potentially

affected areas. Howwer, six historic sites were identified. These are: l) the C-7 Canal which

dates to at least 1917;2) the realigned Westem Pacific Railroad which dates to 1918 when the

existing tailings impoundment was enlarged; 3) the realigned Los Aneeles and Salt Lake,/Union

Pacific Railroad which also dates to 1918; 4) the Briehton Drain which dates to at least l9l7; the

Riter Drain which dates to at least 1917; and the probable location of fte Riter Station located

northeast of the existing tailings impoundment and which dates to 1918.

Three additional historic properties appear to delineate the boundaries of some of the proposed

affected areas; at this time, it is difficult to evaluate what direct or indirect inpacts the Project

might have on these resources. These are: l) the abandoned Sdt Lake. Garfield. & Westem

Railroad which dates to 1892-1893) 2) fte abandone4 original Westem Pacific Railroad which

dates to 1906-1908; and 3) the abandoned" original, San Pedro. Los Aneeles & Salt Lake/Los

Aneeles and Salt Lake Railroad completed in 1905.

Of these properties, the realigned Union Pacificllos Angeles and Salt Lake Railroa4 the realigned

Westem Pacific Railroad, and the abandoned Sdt Lake, Garfield & Westem Railroad have all been

recommended as eligible for listing on the NRHP. The C-7 Canal and fte Brighton and Riter

Drains have been recommended as not eligible for listt.g on the NRHP. Riter Station, the original

Westem Pacific Railroa4 and the original San Pedro, Los Angeles & Salt Lake/Los Angeles and

Salt Lake Railroad have yet to harre had any significance evaluations although it has been reported

that the two original railroads are no longer extant in this vicinity and the station is probably gone

as well (Kathleen Heath, personal communication, 1994). These resources would need to be

field-checked.

In the preparation of this documenq the location of NRHP etigible sites in the vicinity of the study

area were identified. These include resources which might be zubject to indirect impacts, zuch as

visual intnrsions by an e:panded impoundment facility or increased access. The only identified
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properties are a series of prehistoric caves @eadman's, Black Rock I, II, and Itr) which are well

to the southwest of the proposed Project and well to the southeast of buildings associated with &e

town of Magna

3.9.4.2 No Federal Action

No direct impacts to important cultrual resources are predicted if the No Federal Action Altemative

is undertaken. However, historic properties q/ithin the study area will be subject to degradation.

Because none of these historic properties are on public lands, they are not afforded regulatory

protection.

3.9.4.3 Nofih Expansion West

The North Eryansion West altemative would result in direct impacts to two NRIIP eligible sites:

the realiped Union Pacific/Los Angeles and Salt Lake Railroad and the realigned Westem Pacific

Railroad. Also directly impacted would be Kennecott's prese,ntly+mwaluated existing tailings

irnpoundment which would be modified. Indirect impacb to three sites which delineate &e

proposed altemative should be waluated. These are the unwaluated" original Wesiem Pacific and

San Pedro, Los Angeles & Salt Lakell-os Angeles and Salt Lake Railroads, and the NRHP-eligrble

Sdt Lake, Garfield & Westem Railroad. In addition, rewaluation and survey in he central, and

especially the extreme westem portion of this altemative, may tum up additional historic

properties.

3.9.5 Prooosed Mitisation

This Project would !s implemented in compliance with regulations for "Protection of Historic

Properties" (36 CFR 800) issued by the Advisory Cormcil on Historic Preservation (ACIIP) to

implement Section 106 of the National Historic Preservation Act. This requires ftat all ide,ntified

cultrual resources be waluated for significance and that a formal determination of effect be made

for all NRHP eligible properties. Prudent and feasible measures must then be implemented to

reduce any identified adverse impacts to these properties.
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In developing a mitigation plan, avoidance of impacts is the prefened option" as other mitigation

measures generally entail destnrction of the resource. However, where avoidance is not feasible,

data recovery prior to constnrction can often reduce impacts to an acceptable level. Although

mitigative archaeological research cannot completely retiwe all data from affected sites,

archaeologists routinely accept representative samples as adequate for research purposes. The

unretriwed data that might be lost would be a long-term residual lmpact, but zuch loss is generally

accepted.

Most of the properties which would potentially [s impact€d by the Proposed Action appeax to be

railroads or associated stnrctures. Data collection for these tlpes of sites generally involves

mapping, photodocumentation, and awritten historic context for the property. However, since zuch

sites are often also eligible because of their contibution to important themes in American History

(criteria "a"), impacts to them can not be mitigated by data collection alone. In these sihrations,

it will be necessary to have a Memorandum of Agreeme,lrt signed by the Utah SHPO, the ACHP

and the U.S. Army Corps ef Fngineers (Corps). Such memoranda are routinely prodgced during

the early stages of the consultation process.

3.9.6 Cumulative Imoacts

Cumulative impacts are the impacts on the environment that result from the incremental impact

of the action when added to the past present and reasonably foreseeable fuare actions regardless

of what agency (federal or non-federal) or person undertakes zuch other actions. Cumulative

impacts can result from individudly minor but collectively significant actions taking place over

aperiod of time (40 CFR 1508.7).

The study area is bounded on the north and west by Great Salt Lake mud flats. Extensive

development is not likely here due to wetlands, soil conditions, a high ground water table flood

plain restrictions and strong odors from Great Salt Lake. As a result of prwious suweys, the

presence as well as the potential for historic properties in this area is well understood. To the east

north and west of the study are4 there are almost no historic properties and the potential for
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additional unrecorded ones is extremely low. In addition, much of this landscape has been

swerely disturbed by the development of salt evaporation facilities, landfills and soil reclamation.

The Oquirrh Mountains bound the study area to the south and above an elwation of about 4500

feet the potential for historic properties is moderate to low. Howwer, there is also little potential

for development here, either since the terrain is so steep. The greatest potential for cumulative

culnual resource loss is in the regron to the south and southwest of the study are4 between an

elevation of 4300 and 4500 feet. There is a moderate to high potential for culnud resources in

these areas which include Kennecott's present industial facilities and the historic commrmities of

Ma,pq Garfield and Bacchus. In addition, this area has a high potential for prehistoric sites,

especially on the old lake terraces and adjacent caves and rock shelters.

A variety of actions have contibuted and continue to confiibute to the loss of culnrd resources

in this area These include the continuous upgrading of Kennecott's facilities; new residential

developme,nt especially in &e area east of Magn4 as\il mining exploration and dwelopment; md

environmental cleanup of past industial activities. It is estimated ftat between 5 and 10 historic

properties are lost each year as a result of these practices. This amormt represents only a small

fraction of the estimated 850,000 historic properties in Utah. Howwer, it does include a

significant proportion of Utah's industial mining-related heritage.

3.10 NOrSE

3.10.1 Overview

Ambient or surrounding noise can be generated by a number of noise sources, hgluding mobile

sources (zuch as automobiles, tnrcks, tains, and airplmes) and stationary sources (such as

consfrtrction sites, machinery, or industial operations). Often "backgrotmd" noise sources can

confiibute substantially to an ambient noise environment; background noise sources can include

birds chirping, an occasional vehicle passing by, a telwision or radio, or leanes rustling in the

wind. These background sources can determine the ambient noise environme,nt in areas not

dominated by a single major noise source. The noise environme,nt at the proposed Kennecott

3-t69



I
t,
t:
I
l
I
I
t
I
I
I
l
I
I
T

I
I
l
I

4

5

6

7

8

9

10

ll
12

13

l4

l5

t6

l7

l8

l9

20

2l

22

23

24

25

26

27

28

29

30

3l

Tailings Modernization Project is dominalsd by fraffic noise from Interstate 80 (I-80), local faffic

on nearby arterials, airplane, and railroad noises.

Noise is any sound that is rmdesirable because it interferes with speech and hearing, or is otherwise

annoying (unwanted sound). If prese,nt in high intensities, loud sounds have the pote,ntial to cause

hearing damage. Sound is measured in decibels (dB), a logarithmic ratio between pressures caused

by a given sormd and a standard sound pres$ue. The human ear is not equally sensitive to dl

frequencies in the sound spectrum or range of sound. Thus, it is standard to re,present sound levels

using s scale corresponding to the range and characteristics most consistent with the way human

ears perceive sounds: the A-weighted scale. From here on, this re,port considers Db to represent

the A'weighted decibel level (dBA). Because this scale is logarithmic, a Db increase does not

always result in a direct increase in loudness. In fact small Db fluctuations (of less than 3 dB)

are not audible.

Using the A-weighted scale, sound levels at an average residence typically range from 45 dB to

55 dB. Sounds associated with freeway and highway taffic are generally louder, rangng from 65

dB to 80 dB, depenrling on the t5pe, number, and speeds of vehicles on the roaduray, distance from

noise sensitive receptors to the noise source (taffic), and topographic conditions (attenuation or

noise weakening effects). Since traffic sounds do vary, as do constnrction sounds (which vary

depending on eEripme,nt type, number, and duration of use), the average sound lwel, or L*, is

used to represent the acoustical energy equivalent of the fluctrating or changing sound.

The amormt of weakening of noise atributed to a given area depends on the terrain between the

noise source and receiver. For stationary sources, or sources that do not move distance-wise from

a receptor, the decreasing rate of sound is 6 dBA reduction per doubling of distmce. For example,

if a stationary source generates a noise level eEral to 60 dBA measured at 50 fee! the noise

measurement at 100 feet for that source would equal 54 dBA.

Noise levels at a given location can uzually be reduced by placing barriers between the noise

source and receiver. In general, a structure acts as an effective noise barrier only when the

struchue breaks the line (or line-of-sight) between the noise source and receiver. Buildings, walls,
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dense foliage, and intervening topography can all act as noise barriers in various situations. Noise

generated by traffic sounds can be reduced zubstantially when the line-of-sight between the noise

source and receptor is broken by some sort of barrier.

3.10.2 Issues

Noise iszues associated with the proposed Project include the potential for increases in noise lwels

to existing receptors both during constnrction and during the operation of the proposed facilities.

3.10.3 Affected Environment

3.10.3.1 Regulatory Review

Ambient noise is regulated by Salt Lake City County Health Deparhent health regulations

@egulations # 21, Noise Contol). Marimum allowable sound levels are surunarized in Table 3-

28 for sounds beginning within the county. As shown in Table 3-28, he allowable impacts of

activities on adjacent properties are dependent upon the time of day and the land use district of the

receptor. Corrections to sound levels may be made regarding the duration of sound and the

character of the sound. For a given sample period, the reported L,o value (the sound lwel at which

noise measureme,lrts are exceeded l0 percent of the monitoring period) must not be greater than

15 dBA above the maximum allowable sound lwels of the land use distict. For pure tone, cyclic,

or repetitive sound the allowable sound lwels are reduced by 5 dBA. Salt Lake County noise

ordinances also address constnrction noise. During daytime hours (7 AI\d to l0 PM), constnrction

equipment on site can reach noise levels corresponding to an industial land use distict of 80 dBA.

Sounds above the ma:rimum allowable sound lwels, or constnrction activity levels, are prohibited

unless a permit is obtained.
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Table 3-2t
Maximum Allowable Environmental

3.103.2 Ambient Noise Levels

Noise monitoring was conducted at the Saltair Resort by Parsons, Brinkerhotr, Quade & Douglas

on February 3 and 4,1993. The Saltair Resort was selected as the only likely potential receptor

site for the proposed Project.

A Mefiosonics dB-308 prograrrrmable sound level meter, using the A-weighted scale, was used in

accordance with Salt Lake County noise regulations for the measurement period. For establishing

baseline data regarding existing noise levels, L.n values were observed and compared * regulatory

values. Monitoring was performed for a 24-hour period. During this time perio4 no exceedmces

were observed of the commerciaUagriculhual maximum allowable ls. Noise lwels ranged from 44

dBA (2 to 3 PM) to 56 dBA (5 to 6 PM). Peak levels, L,o, (ma.ximum sormd level + 15 dBA for

the corresponding land use) were also not exceeded wiftin the monitoring period. For

commerciaVagriculturd land use districts, from 10 PM to 7 AM values can reach up to 70 dBA"

while reaching 75 dBA for time periods between 7 ANI and l0 PM. The low peak observed for

the monitored period reached 46 dBA Q to Z PlvI, 12 to 2 AM) while the high peak values

reported reached 58 dBA (9 to 10 AM, 5 to 6 PM 9 to 10 PM). Ambient noise lwels wi&in the

Saltair Resort property were dominated by local taffic and highway 0-80) traffic. Peak noises

were intermittent emissions of short duration associated with the indusfiial operations, railroad

large tnrcks, or airplanes passing overhead.
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3.10.4 Environmental Consequences

Noise may be associated with constnrction and operation of the Kennecott Tailings Modemization

Project. The following methodolory was used to determine potential noise impact types and

significance.

3.10.4.1 Methodologr

Impacts regarding noise can be determined based on two factors: (1) type of receptor present and

(2) regulations goveming the tlpe of receptor. Regulations concerning existing noise levels and

noise impacts upon a community in Salt Lake Cormty are based on land use disticts. Federal

highway noise is regulated by the Federal Highway Artministration (FI{WA). Because one of the

Project altematives includes a type of modification to an I-80 ramp, federal or state tansportation

noise regulations may apply. Ttre Federal-Aid Highway Program Manual, Volume 7, Chapter 7,

Section 3 (FI{PM 7-7-3, 1982), "Procedures for Abatement of Higbway Traffic Noise and

Constnrction Noise," establishes the requirements for noise studies on federally finded highway

projects. The Utah State Deparment of Transportation noise policy is similar to the FIIWA policy.

Two criteria are used to determine whether a project would have a noise impact:

Noise Abatement Criteria - Noise abatement qiteria have been established xscolding to various

types of activity areas. A proposed project would have a noise impact if it were to cause ambient

noise levels to approach or exceed fre applicable noise abateme,nt criteria For exterior areas of

residences, schools, churches, and parks, the applicable noise abatement criteria is 67 dBA, L*.

In commercial and industial areas, FHWA's noise abatement criteria is 72 dBd L*.

Substantial Noise Increase Criteria - A project can cause noise impacts whe,n project-generated

noise levels zubstantially exceed existi.g noise lwels, even if under project conditions noise

Iwels do not approach or exceed the applicable Noise Abatement Criteria FIIWA considers l0

decibels to be a substantial noise increase.
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Both the existing and the proposed tailings impoundment areas are located within a manufacfluing-

heavy industry mnrng distict. Most of the constuction and operational activities for the proposed

altemative is focused on areas located norfr and west of the existing imFoundment. The nearest

receptors adjacent to the proposed tailings impoundment area are the Saltair Resort and public

beaches along Crreat Sdt Lake. These receptors are zoned commerciaVagricultural. No residences

are located within the area north and northwest of the proposed impoundment area

Quantifuing impacts using existing data are based on the following example. Typical sound lwels

produced by constnrction eqtripment are presented in Table 3-29. During the constnrction phase,

the highest renge of noise generated by constnrction eEripment to be used on the Ke,nnecott facility

Table 3-29
Construction Equipment Noise l-evels at Maximum Power"

Equipment Type
Noise Lcvel

(dBA) Equipment Type
Noise l-cvel

(dBA)

t'acKnoes

Front loaders

Dozers

Graders

Scrapers

Tractors

Pavers

Trucks

Concrete mixers

11 wyz
75 to 96

70 to 95

72 tp 92

76 to 98

76 to 96

85 to 95

83 to 95

74 ts 87

Movable cranes

Derrick crmes

Pumps

Ge,nerators

Cornpressors

Jackhammers and
rock drills

Pile drivers

Saws

70 to E4

85 to 90

68 to 78

70 to 84

64 ts 87

80 to 98

94 to 106

72 tn 82

is a scrEler at peak noise generation. Choosing this range to quantifr noise impacts on the Saltair

Resort (the closest receptor) would be considered a conservative approach. If the noise lwels

monitored at 50 feet from the source of the sound measured 93 dBA at a constant rate, the noise

level at 2,200 feet from the source (approximately 0.5 mile) is predicted to measure 62 dBA. This

reduction in noise lwel is calculated following rules of thumb for sound lwel reduction for
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distances from a stationary source (FIIWA). According to this FI{WA manual, for a stationary

source, sound lwels are reduced by 6 dBA for each doubling of distance. The background noise

levels reported at the Saltair Resort receptor on Febnrary 3,1993 ranged from 44 dBA to 56 dBA,

with peak noise levels reaching 58 dBA. Using rules of thumb fe1 666fining sound lwels by

decibel addition, the ambient noise lwel at Sdtair Resort would reach a madmum noise level 63

dBA. According to the Salt Lake County noise regulations, ambient noise lwels for the most

restictive zone within the study are4 the agricultud/commercial land use distict, cm obtain 60

dBA during the daytime hours of 7 AM to l0 PM. For peak noise levels, Lro, allowable eposure

levels can be exceeded by 15 dBA. Therefore, assuming a constant morimum noise lwel of 98

dBA for scraper operations (which is highly conservative), during daytime hours, the ma<imum

permissible exposure level for the receptor located wiftin an agricultural/commercial land use

disfrict (60 dBA) is orpected to be exceeded by 3 dBA at the Saltair Resort (63 dBA). Howwer,

according to Salt Lake County noise regulations, during constnrction activities within the same

daytime hours, noise levels for any land use distict may reach levels depicted for an industial

land use category, or 80 dBA. Therefore, this constnrction activity is not eryected to produce my

exceedance of noise regulations.

The example in Table 3-29, using mardmum values for opected constnrction equipment on site,

and peak values reported from the monitoring study, shows that the sounds generated at the

Kennecott facility will not likely impact this receptor. This applies to both the constnrction and

operation phases of the on-site altematives.

3.10.4.2 Construction Impacts

No Federal Action

The No Federal Action altemative does not require construction activities which ttre not already

on-going. Daily operations performed at the Kennecott facility have been prwiously quantified

during the noise survey conducted by Parsons, Brinkerhoff, Quade, & Douglas, Inc. and presented

earlier in this section. Noise lwels relating to activities for the No Federal Action altemative are

not olpected to impact the nearest recq)tor, Saltair Resort. Noise levels at the receptor are
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o{pected to remain the same with the exception of possible increased taffic-related noise from I-80

due to projected glowth within the adjacent communities.

Norttr Expansion West

For the North Expansion West altemative, the constnrction activities would be those proposed in

the project description. Constnrction activities would be scheduled to commence in 1995, and

continue until late 1998. While some activities would be continued ftroughout the entire period,

most modifications would be anticipated in 1995 and would be oipected to continue for

approximately one year.

Activities related to constmction of the proposed irnpoundment would be centered to the north and

west of the existing tailings impoundment area- The relocation of the C-7 Ditch and the Union

Pacific Railroad and modification of the Highway 202 intersection would begn in 1995 and these

activities would not be near sensitive rece,ptors. Probably ftg major constnrction activity within

ll4 mile from the nearest receptors, the Saltair Resort and public beaches, would be the I-

80/Highway 202 ramp modifications. Excavation, grading, and tnrcking vehicles would account

for most of the eEripment generating noise. Due to the distance of the receptors from the work

are4 increased noise levels ge,nerated at the Interstate ramp would be expected to have minimal

impacts at the receptor. Because fiaffic volumes to the proposed modified ramps are relatively

low, it is doubtful that either of these criteria would be exceeded for this project. Based on the

low projected naffic volumes to the proposed modified ramps, neither of these criteria would be

exceeded for this project. The movement of sound from the work site to the receptor would be

opected to be low due to terrain, vegetation, and I-80. Also, since the predominant backgrormd

noise at the receptors would be associated with taffic on I-80 and local sfieets, increases in noise

levels due to construction noise may be perceived to be displaced by the closer traffic noise. In

addition, sound levels may increase slightly and persist during constnrction, but would not expected

to have significant impacts on the receptors or exceed Salt Lake County noise regulations for

constnrction.
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3.10.43 Operational Impacts

No Federal Action

Operational impacts regarding the No Federal Action altemative would not be oipected to alter

noise levels at the nearest receptor, Saltair Resort. Since 1s efianges to the existirg operation

would !s imFlemented, the noise levels would continue as measured in Febmary 1993. Once use

of the existing impoundme,nt had ended and the existi.g tailings impoundment was reclaimed as

wildlife habitat, the noise lwels at Saltair Resort would possibly change due to the lack of human

activity and increased wildlife use of the Ke,lrnecott site.

North Expansion West

The operation of the new tailings impoundment proposed in the North Eryansion West altemative

would result in noise levels similar to existing ambient lwels directly affecting any of the nearest

receptors. Noise levels to the east and south would not be expected to change since no activities

would be expected to change in those areas. Noise levels to the north and west of the orpanded

impoundment area would also not be anticipated to increase. The chmge in operation lies mainly

with nerv cyclone stations and barge pumps that would be added to the facility. No impact would

be olpected due to the berm which is in place during routine impoundment operations. This berm

would act as a sound barrier, thereby reducing noise lwels emanating from the operational area

Also, as paxt of the expansion project, a vizual buffer with trees and vegetation would be

constnrcted adjace,nt to I-80 yeithin the utility conidor. This would also create an effective sound

barrier to receptors in that area- Revegetation would also be done for fte existing tailings

irnpoundment embankment.

The relocation of &e railroad would be an indirect impact of the eryansisa project, which may

increase noise levels to the north of the proposed impoundment. Relocating the railroad north of

its existing location would bring the railroad closer to its nearest rece,ptor, the Saltair Resort md

nearby beaches. Railroad operations create perceptibly higher peak noise lwels for very short

duration as the train passes by the receptor. This may increase peak noise levels at the rece,ptors.
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Noise levels generated by the frain and waming signals would not be regulated within Salt Lake

County noise regulations, which specifically deal with permissible noise levels of stationary

sources to receptors within categorized land use disticts. Alftough mitigation would not required

for moving the railroad facks and tains closer to receptors, the vizual buffer to be constnrcted

along the railroad conidor would possibly reduce noise levels. The buffer of varied terrain and

vegetation would help to deflect noise, thereby decreasing possible imFacts on the receptors.

3.10.5 Proposed Mitisation

Table 3-30 summarizes the constnrction and operational impacts associated with the No Federal

Action and the North E:pansion West altematives.

Table 3-30
Summary of Impacts

3.11 ArR QUALTTY

3.11.1 Overview

The existing and proposed tailings irnpoundments are located west of Salt Lake City, in Salt Lake

County, Utah. The Utah Departuent of Environmental Qudity, Division of Air Quality (UDAQ)

has authorized the operation of the existing tailings impoundment zubject to certain conditions and

parameters as specified in the State Implementation Plan (SIP). Kennecott has requested

Altemative Impact Mitigntion

Constnrction Activities

No Federal Action No impact None

North ExpansionWest Short duration, little to np impact Use proper noise control devices

on constnrction equipment.

Operational Activities

No Federal Action No impact None

North Expansion West No impact from operations.
Indirect impact from railroad
relocation, with possible increases
in peak noise levels

Constnrct visual buffer and
rwegetate impoundment to create

noise buffer
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authorization from the IIDAQ to provide for constnrction and operation for the proposed

modemization of the tailings operations. Iszuance of the authorization of the Project is contingent

upon a determination that the proposed operations are consistent with the policies of Utah and are

protective of the ambient air quality.

3.11.2 Issues

The primary iszue associated with the Project regarding air Wality is that constnrction and

operation of the North Expansion West altemative are designed to contol fugitive dust Dust

generation (qpecificaUy respirable particulate matter (PM-10) is the only pollutant with potential

for significant contribution to violations of the National Ambient Air Quality Standards (NAAQS).

Dust contol practices that are prove,n to be effective would be implemented during constnrction,

operation, and wentual closure of the tailings impoundment.

The Project is not subject to the Utah preconstnrction permitting (called an Approval Order)

program because it would not result in an increase in emissions to the ambient air environment

Howwer, the existing and proposed tailings impormdment may be zubject to a new Operating

Permit Program-

3.11.3 Affected Environment

The U.S. Environmental Protection Agency (EPA) has identified Sdt Lake Cormty as a Group I

non-attainme,nt area for PM-10. The PM-10 NAAQS is attained when the eryected number of

days per calendar year with a 24-hour average concentation of 150 micrograms/cubic meter

(frgl-) is equal to or less than one.

Utah adopte4 and EPA approved, rwisions to its SIP, including:

. completion of a comprehensive, accurate, and curent inventory of actual emissions to provide

a basis for determining whether attainme,nt is being adequately demonstrate4

. demonstration (including dispersion modeling) that the provisions in the SIP will provide for

attainment as quickly as practicable, and
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. provisions to assure that Reasonably Available Control Technolory GACT) will be

imFlemented at new and existing sources.

In addition, Title V of the Clean Air Act as Amended (CAAA) requires that the UDAQ implement

a new Operating Permit Program. This new permit program reqtrires the identification of

emissions, development of "federally enforceable" permit conditions, payment of fees, andperiodic

compliance certifications based on monitoring. As presently rmderstood" it is anticipated that any

new tailings impoundment will be zubject to this new Operating Permit Program" and a complete

permit application must be zubmitted to the UDAQ before July 15, 1995.

It is generally recognized that the emission estimating techniEres that are prese,ntly available for

identiffing fugitive dust generated from tailings impoundme,nts are not accurate and may gossly

overestimate the PM-10 emissions. For these reasons, neither an air emissions inventory nor

dispersion modeling has been completed for the existing or proposed tailings operations. Also, the

SIP does not establish allowable emission limits on fte existrng tailings impoundmen! however,

it does require that Kennecott implement comprehensive dust control measures. These dust contol

measrres have been waluated by the IIDAQ and established as complyrng with the RACT

reqtrirements.

The existing Kennecott lailings impomdme,lrt was identified as the primary source of summertime

exceedances of the PM-10 standard occurring during northerly high wind conditions when the plant

was shutdown in the mid-eighties. Subsequently, Ke,nnecott and the IIDAQ have agreed to various

control measures to ensure dust contol of the existing ailings impormdment during constnrction

and operation, and during temporary or permment shutdown. These control measures, including

aperipheral discharge system, were implemented in July 1988. The treatuent of unpaved roads,

vegetation planting, and other dust control techniques were also initiated or enhanced. The

meteorological conditions that causeil the past exceedances hane occurred since the implementation

of control measures and no exceedances hare occurred in the areas most vulnerable to dust

emissions from the existing tailings impoundment.
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Analysis of air quality monitoring data collected by Utah in 1991 at Brockbank Junior High School

in Magna provides further evidence that the confiol measure for fugitive dust are effective. These

data indicate no instance of PM-10 levels exceedi.g the NAAQS. There are sufficient data

available to establish that the dust contol measures that have and will be employed are effective,

and that constnrction and operation of the North Expansion West altemative will not result in

significant negative impact to the ambient air quality.

3.11.4 Environmental Consequences

The primary mechanisms for generation of PM-10 emissions are:

. vehicle moveme,nt on unpaved surfaces,

. material fisdling and constnrction activities, and

. wind erosion.

PM-10 generating activities and proposed dust control activities will occur during constnrction,

operation, and eventual closure of the Project. At the minimum, short-term impacts to the ambient

air environment may result from:

. modifring the tailings distribution system and installing new pipelines from the pipeline bridge

to the proposed tailings impoundment

. preparing the Gypsum site and removing salt deposits under the embankment footprint,

including backfill as may be reErisite and removing or modi$ing existi.g salt evaporator dikes,

. relocating utilities, the C-7 Ditch, and Union Pacific Railroad main line tacks, md

modifuing the highway,

. mitigating wetlands and constnrcting a sedimentation pond,

. constnrcting fueling and zupport facilities,

. recovering zuitable soil from fte footprint and dweloping a vizual buffer parallel to I-80,

. constmcting cyclone stations near the east and southwest comers of the new impoundment, and

. grading ttre site, constnrction of in-plant roads and ditches, ls5ssding, fencing, and other

miscellaneous activities.
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Dust generated from these insignificant polluting activities would be mitigated (primarily by

watering on an as-needed basis) as specified in the Fugitive Dust Abatement Program @DAP) and

consistent with good management practices.

In addition to these minimal short-term impacB, long-term potential impacts to the ambient air

environment may result from:

l) Preparing the foundation and placing a drainage blanket (cnrshed and screened slag) rmder the

North Erymsion West altemative embankment footprint. Particulate emissions would be

controlled with water and chemical dust suppressants as needed.

2) Constnrcting the starter dike, toe dike, and header dikes. Emissions would be controlled by

the high moisture content of the dike materials, zupplemented with periodic water spray and

application of chemical dust suppressants. The slopes would be seeded.

3) Constnrcting the North E:ryansion West embankment, concurrent with storing tailings witrin

ftg imFoundme,lrt. Underflow from the cyclone separa,tors would be deposited in hydraulic

deposition cells, where the material would be decanted, sprea4 and compacted into liffs. Dust

would be controlled by fre inherent high moisture content of the material and the use of water

tmcks to treat dry spots that may occur. Inactive portions of fte embmkment constnrction

that begin to dry would be wetted as necessary by pumping water into the inactive cells.

a) The North Expansion West altemative tailings de,position would normally include sequential

watering using a peripheral discharge system- The specific details of how the peripheral

discharge system would be implemented hare not been fully estabtshed; howwer, the system

would be equivalent or better than the existing system. Further, since the proposed tailings

imFoundment is smaller than the existing tailings impoundmen! some reduction in total dust

emissions would be realized in fte long-term- Supplemental watering or other dust control

methods would be implemented as necessary to treat dry spots that may develop in the

impoundment; howwer, it is alrticipated that the need for zupplemental dust control would be

minimat.
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3.11.4.1 No tr'ederal Action

This altemative includes raising the existing tailings impoundment to capacity, thslr imFlementing

a revegetation plan. Particulate emissions related to these activities would be controlled as

described in the mitigation Section 3.11.5. The controlled PM-10 emissions and resulting impacts

to the ambient air environment would to be insignificant in achiwing gompliance wifr the

NAAQS.

3.11.4.2 Nofth Expansion West

The North Expansion West altemative includes raising the existi"g tailings impomdment to

capacity, implementing the rwegetation plan, and adding a new impoundment immediately

adjacent to and north of the existing impoundme,nt. The altemative would result in a decrease in

potential fugitive emissions as the North Eryansion West altemative will be smaller than the

existrng tailings impoundment. Particulate emissions would be mitigated by impleme,nting

effective dust control practices as described in Section 3.11.5. The controlled PM-10 emissions

and resulting impacts to the ambient air e,nvironment would be insigtificmt in resulting in

achiwement of the NAAQS.

3.11.5 Proposed Mitiqation

To minimize effects on air quality, the following mitigation me:lsures are proposed:

l) Particulate emissions from the active tailings impoundment would be contolled by continued

use of a peripheral discharge system. This system would ensure that not more than fifty

contiguous acres and not more than five percent of the impoundment's top surface would be

dry at any given time.

2) Wind erosion of the exisring tailings impoundment would be mitigated by an aggressive

revegetation program which would include planting rapid-growing 9165, hydromulching

temporary use of water or chemical dust suppressants, and establishment of self sustaining

vegetation. Areas of the existing tailings impoundment would be aken out of service
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generally in a sequential manner from west to east The peripheral discharge system would

continue to operate to control dust in active portions of the existing impoundment as the

transition to the proposed tailings imfroundme,nt advamced.

3) Emissions from constucting the North Expansion \f/gs1 smfankmeNrt dust would be controlled

by the high moishre content of the dike materials, supplemented wift periodic water spray

and application of chemical dust zuppressants. Water tucks would be ut'rlized to treat dry

spots that may occur. Inactive portions of the embankment constnrction ftat begin to dry

would be wetted as necessary by ptrmping water into the inactive cells.

4) E:oosed exterior slooes of the embankment would be stabilized with chemical dust

suppressants if necessary. The slopes would be planted with rapidly growing grasses during

the first planting period after each new section was formed.

5) Roadrvav dust confiol would be a continuation of the existing practice, relying on periodic

sprayng with dust suppressants, zupplemented by watering and regrading as necessary.

6) Rweeetation of the new impoundment in the Norh E>pansion West alternative would include

activities similar to those used on the existr"g tailings imFoundment. Plantings would be

scheduled to start before mine shutdown. Rwegeadon activity would begn at the eastem

third of the impoundment and proceed westward over a period of a few years.

3.12 SI.JMMARY OF COMMITTED MITIGATION MEASTJRES

The following mitigation measures have bee,n proposed to reduce or eliminate the adverse impacb

to e,nvironmental resources. Many of these measures hane been incorporated in the project design

or are included in the various applications for federal, state, or local permits.

3.12.1 Bioloeical Resources

3.12.1.1 Wetlands

A mitigation site (2,500 acres) north of Interstate 80 has been designated by Kennecott for

purposes of compensating wetland impacts if the Nonh E>pansion West alternative is approved.

Approximately 1,113 acres (45 percent) of the mitigation site was classified as jurisdictional
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wetlands. This includes emergent wetlands (28 acres), saline playas (922 asres, including

vegetated playas), and open water (163 acres)(SWCA, 1994).

The mitigation concept entails restoring and creating additional habitat to attain the acreages

needed for mitigation (SWCA,1994). Emerge,nt wetlands are the most difficult to replace in terms

of functional value; they are a large part of the North E:pansion West alternative. Conversely,

most wefland values would be enhanced if salins playas are converted to emerge,trt wetlands. The

mitigation concept proposed by Kennecott (SWCA, 1994) would 6s to improve the firnctional

quality of the weflands of the mitigation site in terms of fimctional value loss by tailings

expansisl. The final mitigation design is being dweloped by m interdisciplinary team of wetland,

wildlife and engineering experts. This plan will be incorporated in the Project description during

EIS process. The mitigation plan is found in Appendix B of tris DEIS.

3.12.1.2 Vegetation

Measures identified in the Mtigation Site Assessment for the Tailings Modemization Project

(SWCA, 1994) include: l) removal of livestock and 2) resfriction of use of area by off-road

vehicles. Rwegetation of the existing tailings impoundment and reclamation of the proposed

expansion area after closure of the mine would help reestablish upland vegetation in the area

3.12.13 Aquatic Biota

Mitigation measures proposed 1s improve aquatic habitat would include the use of best

management practices during constnrction activities to reduce degradation of water quality,

especially sedimentation, of the sfieams and canals. Best management practices include the use

of siltation fences and hay bales in drainages to reduce silt entering the sfream systems.

Because the C-7 West Ditch is the only site in the study area which is known to contain the Utah

chub, mitigation measures could include the transfer of some the Utah chub population from the

C-7 West Ditch into sections of the canal that will remain intact Mtigation measures would also

include placeing some instream stnrchres to create fish habitat and to create riffie areas, which are
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the primary habitat for macroinvertebrates. Other mitigation mea$ues would include a

commitment to more consistent water flows so that certain areas would not experience excessive

drawdowns, which appear to be one of the limiliag factors to aquatic biota populations. Although

problems associated with salinity are considered to be nafirally occurring, salinity problems could

be reduced by mainaining flows to reduce conce,lrtrations.

3.12.1.4 Wildlife

The revegetation activities described above would improve the area for use by terrestial wildlife.

The most effective mitigation measure would be to identi& an undweloped area in close proximity

to the proposed expansion that could be enhanced to provide wildlife habitat for displaced species.

It is important to mitigate any loss of wetland habitat due the value of these areas to migratory

shorebirds and waterfowl. Other measures to improve habitat for mammals would be to place deer

crossing signs or deer fence along the }Jwy 202 and Hwy 207 tD attempt to reduce mule deer

mortality. A mitigation site has been designated and a site assessment has bee,n conducted of this

area (SWCA, 1994). The detailed wetland mitigation plan would become part of the Proposed

Action if the North E>ipansion West altemative were selected.

3.12.1.5 Special Status Species

Tmpacts resulting from the proposed erpmsion project would not be anticipated to be significant

for special status wildlife species known or likely to occur within the area Oppornmities for

effective on-site mitigation are limited due to the nahre of the Project as it permanently chmges

habitats from primarily wetland to upland.

The selected mitigation site would provide important opportunities for enhancing habitat

components (i.e., nest sites and prey base) for several of these species. Species likely to utilize

the mitigation site include Bald Eagle, Peregrine Falcorl Westem Snowy Plover, and Loggerhead

Shrike. The potential for Snowy Plovers to utilize the mitigation site would be enhanced by

protecting freshwater soluces, maintaining unvegetated selins playas, reducing human disturbance,

and providing suitable nesting zubstate.
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Since no special status plant species or fish species are known to occur wiftin the study area"

impacts are not expected and no mitigation would be necessary.

3.12.2 Water Resources

3.12.2.1Sur{ace Water

The wetlands mitigation plan would address potential displacement of wetlmds if the North

Expansion West altemative is approved.

The need for mitigation for the North E>pansion West altemative would depend upon an

assessment of the effect of the water quatity change or regulatory compliance and on growh of

any existing wetlands for the stetch of channel located between I-80 and Great Salt Lake at the

exisfing discharge point.

3.12.2.2 Ground Water

Mtigation for ground water would include discharge control, accomplished primarily by the

constnrction of ditches along the edges of the impoundment. The ditches would act as a radial

discharge capture zone for tailings water that may be discharged to ground water.

3.12.3 Earth Resources

Areal zubsidence (i.e., grormd settling) would be reduced by siting critical structures (essential

buildings, bridges, overpasses, railroad lines, etc.) in areas outside of the zone of influence of

potential areal settlement. Existrng critical stnrctures that cannot be relocated should be monitored

for adverse settlement effects.

Risk of existing imnoundment failure would be minimized by continuing seismic upgrade efforts

of the existrng tailings impoundmen! howwer, these effects would fg minimally successful for
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r 1 stabilizing new tailings placement. Seismic upgrade procedures should continue and possibly be

r 2 enhanced for the norlheast comer.I
t3

I 4 Topsoil erosion by wind or water could be minimized on the visual buffer by planting them as

t 5 soon as possible and by not stoc$iling.

r6
f 7 3.12.4 Land Use. Transnortation and Utilities

rr-
I 9 Mtigation 1s impacts if the Nor& E>rpansion West altemative were approved would include the

r l0 following:

I ll . relocating three Utah Power e,Light (UP&L) transmission lines and the U.S. West, MCI and

I 
12 SP fiber optic cables;

I 13 . constructing new access or service roads for the above utilities;

I 14 . capping existing gas lines and removing abandoned pipelines;

I 15 . relocating Union Pacific Railroad (UPRR) tracks;

I 16 . constnrcting new sewice roads and railroad overpass;

I n . relocating and/or constnrcting new access roads, including the toe dike roa4 the spine/slag haul

I l8 rod poletne road" Copperton single-discharge road, andvarious reclamation andmaintenmce

I 19 roads; and

a 20 . relocating the C-7 Ditch and constnrcting access roads on both side of the ditch.

Izr
n 22 3.12.5 Visual Resources

123

f 24 Mtigation for usual resources include creating a vizual buffer, landscaping the embanrkment and

I 25 perfiorming dust control throughout constnrction, operation, closure, and post-closure of the

. 26 proposed tailings impoundment if the Norh Erpansion West altemative is approved.

I27
28 3.12.6 Socioeconomics

-tI29

I 30 No mitigation is proposed. The North Expansion West altemative, if approved" would be a

I 3l positive impact that would benefit the local employment base and economy.
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I | 3.12.7 Hazardous Materials/Waste
.,

rL
I 3 Mitigation includes performing any CERCLA-related investigations or actions prior to constnrction

t 4 of the Project in accordance with the program for the North Zone Superfund Site. This would be

I 5 abenefit of the North Expansion West altemative. These investigations are expected to be focused

r 6 on soil and sediment contamination in the wetland mitigation area-

f7

I 
8 At the former Morton Salt plant, mitigation is recommended if petroleum hydrocarbons were

I 9 released from the reported historic UST at the former Salt Plant, then contaminated soils may need

r l0 to be removed or remediated prior to constnrction of the altemative.

I11
r 12 3.12.8 Cultural Resources

I13

I 14 All identified cultural resources would be evaluated for significance and a formal determination

t 15 of effect would be made for all NRHP-eligible properties. Prudent and feasible measures would

r 16 then be implemented to reduce any identified adverse impacts to these properties. Howwer, none

I 17 are expected.

l18
I 19 Where avoidance 6f impacts to NRHP-eligible properties would not be an option, data recovery

I 20 prior to construction could reduss lmpacts to an acceptable level. Data for most of the sites

I 2l potentially impacted by the Proposed Action would involve mapping, photodocumentation, and a

I 22 written historic context for the property. No historic properties would be expected 16 !s impacted

I 23 by the North Expansion West altemative.

24

t 25 3.12.9 Noise

r26
I 27 No mitigation is proposed as the increase noise levels would be only during construction and for

28 short duration.

l2e

I
I
I
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3.12.10 Air Ouatitv

Particulate emissions would be confrolled wift water and chemicd dust zuppressants. Slag

l2ldling conveyors would be covered or equipped with water sprays. A roregetation program

would include planting rapid-growing grass seed hydromulching, te,mporary use of water or

chemical dust zuppressants, and establishment of self-sustaining vegetation.

Emissions from constnrction of the dikes would be contolled by the high moisture content of the

dike materials, supplemented with periodic water spray and application of chemical dust

zuppressants. Supplemental watering or other dust contol methodologies would be implemented

during constnrction of the embankmen! and tailings deposition. Exposed exterior slopes of the

embankment could be stabilized with tackifers. Roadrvay dust contol would include periodic

spraylng with dust suppressants, zuppleme,nted by watering and regrading, as necessary.

3.13 I.]NAVOIDABLE ADVERSE IMPACTS AND IRREVERSIBLE OR IRRETRIEVABLE

COMMITMENT OF RESOT.]RCES

3.13.1 Biolosical Resources

The filling of jurisdictional wetlands is considered a significant impact The federal mandate is

that there shall be no net loss of wetlands the country. Thus, the Clean Water Act

Section 404 program was set up to ensure this mandate is upheld. The long-term conversion of

wetlands and waters of the U.S. to upland grasslands and shnrblands would be an unavoidable

adverse impact. However, fte mitigation plan has bee,n dweloped to compe,nsate for this wetland

loss. The plan will create, enhance, and preseme lands that would be of equal or zuperior value

to those that would be filled if the North Expansion West altemative is approved. The plan gives

a detailed discussion of the wetland functions and values, mitigation requirements, and the strategy

for monitoring the plan's success. No residual, non-mitigatable impact are therefore associated

with either the No Federal Action or the North E>4pansion West altematives. There would be no

irrwersible or irretriwable commiments of resources after the mitigation plan is implemented.
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3.13.2 Water Resources

3.13.2.1Surface Water

Approving fte North Erpansion West could potentially result in a significant increase in the flow

in lower Lee Creek. The exact quantity of flow would be established as the mitigation site design

is completed (refer to Appendix B). There would be no irrwersible or iretiwable commiments

of resources after the mitigation plan !5 imnlemented.

3.13.2.2 Ground Water

Because ground water resources would not be expected 1s !e imFacted in any measurable way,

there would be no significant rmavoidable adverse impacts, and no irreversible or irretiwable

commituent of ground water resources if the North E>ipansion West altemative is approved.

3.133 Earth Resources

Changes in topography resulting from impounding tailings would result in an rma'voidable adverse

impact to earth resources. There would be an irreversible and irretievable commituent of

resources as the tailing is stored if the North E4pansion West altemative is approved. This long-

term commituent of resources is not considered significant.

3.13.4 Land Use. Transportation and Utilities

An unavoidable adverse impacts after following mitigation would result from the temporary closure

of Highway 202 due to constnrction activities resulting in traffic detours and limited access to

Great Salt Lake State Park if the North Eryansion West alternative is approved. There would be

no irreversible or irretievable commitments of land use, transportation, or utiiity resources.
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3.13.5 Visual Resources

Unavoidable adverse impacts after mitigation would be expected if the North Expansion West

altemative is approved and the imFoundment area is opanded. The vizual buffer placed in front

of the new embankment and rwegetation of the embankment would not totally mitigate the vizual

impacts of the relocated utility lines and the railroad to adjacent to I-80. And the height of the

vegetation buffer would not eliminate the visual impacts to the Saltair Resort beach or Great Salt

Lake State Park. Views of the Wasatch Mountains from Saltair Resort beach and Great Salt Lake

Park would continue to be partially obstnrcted by the embankme,lrt. There would be an

irretievable and irrwersible commi' ent of vizual resources if the North Expansion West

altemative is approved. The impacts would be signficant, but to a limited number of viewers.

3.13.6 Socioeconomics

No unavoidable adverss imFacts would occur to the local population except rmder the No Federal

Action altemative. Mine closure under this altemative would occur in year 2004 wi& a loss of

8,900 jobs, a reduction in wholesale and retail tade employment by 1.3 percen! and a reduction

of senrices employment by about 1.6 percent. Establishments located in communities nearby the

operation would be seriously impacted. It coutd be expected that the fiscal conditions and service

capabilities of adjacent local governments and disticts would !s impacted by losses of sales and

properly tares, while residential and commercial real estate values in nearby communities would

drop and workers move away in search of other employment oppornrnities. There would be an

in'rwersible and furetiwable commiment of social and economic resoluces if the No Federal

Action were to be selected by the Corps.

3.13.7 Hazardous MaterialsAVastes

The mitigation plan would remove concems for hazardous materials inpacting the ground water.

No unavoidable adverss imFacts and no irretrievable or irefiiwable commiment of resources

would result from the North Expansion West altemative that would be significantly different from

the ongoing operations of the lailings imFoundment.
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3.13.8 Cultural Resources

No unavoidable adverse impacts or any irreversible or irretiwable commiment of resources would

result from the Proposed Action, since the sites identified would not be affected rurder the North

Expansion West altemative. However, cultural resources are not renewable. If degraded"

disturbed, or destoyed trrough direct constnrction activities, the loss of historic values would not

be reversible or retievable.

3.13.9 Noise

No significant unavoidable adverse impacts and no irreversible or irretievable commiment of

resources would be associated with the North Expansion West altemative.

3.13.10 Air Oualitv

No significant unavoidable adverss impacts and no irreversible or irretriwable commiment of

resources would be associated with the North E:pansion West altemative.

3.14 SHORT TERM USES VERSUS LONG.TERM PRODUCTNTIY

The short term use of the proposed area would be for tailings sand storage. After 30 years, the

entire site would be converted to an upland vegetated flatland and the mining operations would be

decomissioned. The long term productivity of the area without the tailings eryans[e1 project

would be filling, capping, and reclaiming the existing tailings impomdment as upland with no off-

site mitigation.

The project vicinity has been used for tailings storage, mining operations, salt production facilities

and fertilizer and other industial processing/manufacnuing for most of the life of the Bingham

Canyon Mine that began operating at the tum of the cenhrry. If the tailings impoundment is not

expanded, the surrounding wetlands would not be cleaned up and the off-site mitigation area would

remain disturbed by Srazeng and off-road vehicle use.
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The North E4pansion West would result in the conversion of an additiotal 4,325 acres of land for

tailings storage that when reclaimed would be an upland vegetated field. In addition, the proposal

is to preserve approximately 2500 - acres as a mitigation site in perpearity. The mitigation site

would contain a mosaic of wetland types, open water and upland habitats especially designed to

e,nhance habitat values for desirable avian species.
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CHAPTER 4 - CONSULTATION AND COORDINATION

4.1 INTRODUCTION

In response to Kennecott Utah Copper Corporation's (Kennecott's) application for a Section 404

permit to place frll material into the jurisdictional waters or wetlands of the U.S., the U.S. Army

Corps of Engineers (Corps) determined that the preparation of an Environmental Inpact Statement

@IS) would be required prior to a decision regarding the iszuance of the 404 permit In
accordance with reErirements set forth in the National Environmental Policy Act of 1969 (NEPA)

and the Council of Environmental Qudity (CEQ) regulations (1978) for implementing NEP,\ a

consultation and coordination program was developed 6d implemented for the Tailings

Modemization Project (the Project). The purpose of the program was to ensure ftat all appropriate

members of the public and federal, state, and local agencies were contacte4 consulte4 and given

an adequate opportunity to be involved in the environmental analysis and EIS process. This

section describes the public and agency scoping process, the consultation and coordination

program, issues and concems identified from public and agency commentc, and the EIS review

process.

4.2 NOTICE OF INTENT

In accordance with CEQ regulation 40 CFR 1508.22, a Notice of Intent (NOD to prepare an EIS

for the Project was published in the Federal Reqister on Friday, August 19,1994. Publication of

a NOI formally begins "scoping" for an EIS. The purposes of a NOI are to noti$ persons or

agencies interested ln, or affected by, u proposed federal action and to seek information and/or

participation in scoping.

4.3 PUBLIC AI\[D AGENCY SCOPING PROCESS

Soliciting comments from various federal, state, county, and local agencies as well as interested

organizations and individuals is the first step in the EIS preparation process. The comments are

used to obtain the most accurate and current environmental information and to incorporate public
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opinion into plenning and decision making. Scoping is an information gathering process open to

the public and agencies early in the course of the EIS preparation process, and is required by

NEPA in CEQ regulation 40 CFR 1501.7, 1506.6 and 1508.25. The ptrpose of the scoping

process is not only to chanctenze significant environmental iszues that warrant shrdy or waluation,

but also to identifu issues that are not significant so that the environmental analysis and EIS will

remain focused. Scoping is not I singls, isolated activity, but instead is an ongoing process

throughout the preparation of the EIS.

The scoping process for this project consisted of early agency consultation, a public scoping

meeting, and public notification to interested parties.

4.3.1 Earlv Consultation

During a 36-month period (1991 through l99a) in which the project concept and altematives for

the Project were developed, Kennecott coordinated with local, state, and federal 4gencies. Table

4-l lists the agencies, organizations and individuals consulted by Kennecott druing that period.

4.3.2 Public Scopinq Meetins

A widely publicized public scoping meeting on September 19, 1994, was held at the Utah Power

& Lidbt Company in Sdt Lake City, Utah. The public meeting was annolmced in the NOI

published in the Federal Reqister and in a media release issued September 13, 7994 to Salt Lake

Valley television and radio stations and newspapers. Seventeen people attended the scoping

meeting. Each attendee was provided a scoping meeting comment response form to identiff issues

to be addressed in the EIS and to offer comments on the project. The two comment forms

received had questions pertaining to ground water protection. No other commenb or questions

regarding the project or EIS process were made by the meeting attendees.
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Table 4-1
Consulted by Kerurecott Utah Copper Corloration

4.3.3 Mailins List and Public Notice

A mailing listwas compiled of the agencies and organizations that were contacted during the early

studies. Additional names and addresses were included as the public and agency consultation

occurred through the preparation of this Draft EIS (DEIS).

l:;
l:i
I42

I
I

During flrc EIS Process

U.S. Army Co4rs of Engineers
. Michael Schwinn
. Brooks Carter

U.S. Department of ffre Interior,
Ftsh and Wildlife Senice
. Kristi DrBois - Ecological Services
. Bob Freeman - Ecological Services

U.S. Environnental Protection Agency. Eva Hofuan - Superfimd
. Larry Kimmel - Superfimd
. Bob lvlairly - Wetland Regulatory

Division of Staie History
. Mor Evans - Director
. David lvladsen - State Archaeologist

Utah Department of Environmental Quality,

Division of Water auality. Don Ostler - Division Director
. Steve McNeal - Pemrits and Compliance UPDES
. John Whitehead - Grormd Water Section

Division of Air Quality. Russell Roberts - Division Director
. Monty Keller - New Source Rwiew

Division of Solid & Ilazardous Waste
. Dennis Downs - Division Direotor

Utah Department of Netural Resources

Division of Oil and Gas
. Lowell Braxton - Associate Director
. Wayne Hedberg - Permitting Contact

Division of Weter Rights
. Robert L. Morgao, P.E. - State F.nginesl
. Richard llall

Division of Wildlife Resources
. Robed G. Valentine - Intedm Direotor
. Catherine E. Quinn - Assistant Chief,

Terrestial Resowces

University of Utah Uteh Departuent of Transportafion
. Craig Zwrch - Executive Director
. Kenneth Berg - Disbict Two

Utah State Historicd Society,
Department of Commrurity and
Economic Development

Sdt Ld(e Corurty Department of
Development Senices
. Kenneth Jones - Director
. J. Warren Revnolds

Sdt Leke Corurty Engineering Division
Flood Control Division
. Neil Stack, P.E.

Srlt Lake Courty Ptaming
. Jerry Barnes - Director

Great Sdt Lake Audubon Society
. Wayne Matinson- Utah Wetlands Coordinator

Salt Lalce Cify Planning Division
. Williasr ftiSht - Director
. Doug Wheelwrigh! Planning Program

Supervisor
South Shore Coalitftm
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The Project was fust formally announced in a Notice of Intent iszued August 8, 1994, in the

Federal Register. The annormcement initiated scoping and announced the scoping meeting to take

place September 19, 1994, in Salt lake City.

On October 7, 1994, a second public notice was mailed to agencies and interested organizations

and individuals to solicit written comme,nts conceming significant iszues to be evaluated in the EIS.

After a 30-day comment period ending November 7,l994,1etters were received from the following

organizations:

' Utah Division of Wildlife Resources - e:pressing concenrs regarding potential impacts of the

project to wildlife habitat and mitigation plans,

. Great Salt Lake Audubon Sociew - regarding the importance of mainaining fte qudity of

wildlife habitat, ground water safety and mitigation plans,

. Utah State Historical Societv. Deparment of Communiw and Economic Dwelopment -

regarding the cultural resources inventory,

. Utah Deparnnent of Transoortation - concuning with tansportation plans and permit for the

proposed project providing 6smnliance with 404 guidelines,

' Environmental Protection Aeency - providing advice on addressing contamination to surface

and ground water sources, and discussing the mitigation plans and the Pollution Control Plan

for the proposed projecg and

' U.S. Fish and Wldlife Service - providing data on threatened and endangered species in the

study areq expressing concens regarding contamination of wildlife habitat, the displacement

of the gull colony and mitigation plans.

4.3.4 Scopins Summarv

A scoprng sunmary report was prepared and is available to interested parties and agencies upon

request from the Corps.
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4.4 PUBLIC AND AGENCY CONSULTATIONS

An agency consultation process began in early 1991 when Kennecott initiated studies to evaluate

altematives fs1 lailings modemization and expansisl. Table 4-1 lists the agencies that were

contacted through letters, meetings, and telephone by Kennecott or their contactors. These

agencies participated in a range of cqacities which included providing information, recommending

lwel of detail for a variety of environmental and engineering studies, and guidance on permitting

requirements.

4.5 PREVIOUS STUDIES

Existrng published and unpublished engineering and environme,ntal dat4 maps and plans, re,porB,

and statements prepared for the Project and related projects in the area were rwiewed and

evaluated to determine their applicability and adequacy for use in this EIS. The most relwant

information was included from the following documents.

. Tailines Impoundment Prefeasibiliw Studv. Bechtel Corporation, 1990.

. Fisheries Technical Report for the Great Salt Lake Area of Operations. Volume I, Bio-West,

Inc., 1993.

. Fisheries Technical Report for the Great Salt Lake Area of Operations. Volume IV. Bio-West,

Inc., 1993.

. Water Oualitv Technical Reoort Environmental Baseline Monitorine for the Great Salt Lake

Area of Operations. Volume V, Bio-West, Inc., 1993.

. Veeetation Technical Report. Environmental Baseline Monitorine for the Great Salt Lake Area

of Operations. Volume III. Bio-West, Inc., 1993.

. Wildlife Technical Report Environmental Baseline Monitorine for the Great Salt Lake Area

of Operations. Volume II. Bio-West Inc., 1993.

. Reeional Geochemical Report for the Great Salt Lake Area- Report plus Apoendices. Creotrans,

Ine., 1992.

. KEL Oualiw Control Report Bio-West Baseline Conditions Monitorine. Kennecott

Environmental Laboratory, 1993.
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' Hvdroeeolosic Report for the Greater Salt Lake Area" Volumes I and 2, Kennecott Utah

Copper, 1993.

. Kennecott Tailinss Modemization Proiect Cost Estimates for Tailinss Imnoundment

Altematives. Morrison Knudsen Corporation, 1993.

. Cultural and Paleontolosical Inventorv of 5.490 Acres in Westem Salt Lake Couw. P-Itr

Associates, 1993.

. Cultnrd and Paleontolosical Inventorv and Testino of 1 955 Acres in Sections 15 17 19 20

and 2l of TIS R2W. Salt Lake Countv. Utah. P-Itr Associates, 1993.

. Altematives Analysis for the Tailines Modemization Proiect SWCA Inc., 1994.

. Characterization of Potential Jurisdictional Waters of the U.S. that Occur on Kennecott Prooefi

Within and Adiacent to the North Expansion Studv Area- SWCA' Inc., 1994.

. Environmental Studies Summar.v Report North Expansion Studv Area. SWCAb Inc., 1994.

. Wetland Mtieation Concept for the North E)oansion Proiect SWCA, Inc., 1994.

. Avian Use Patterns of Salt Evaporator Impoundments and Adiacent Areas. SWCA, Inc., 1994.

. Seismic Hazard and Desipnr Earttrquake Cround Motion Evaluation. Woodward-Clyde

Consulting Engineers, Inc., 1994.

4.6 PUBLIC AND AGENCY REVIEW OF EIS

4.6.1 Prenaration of and Notice of Availabilitv of the Draft EIS

The additional meetings were held with the Deparhent of Environmental Quality, Water Quality

Division" and Emergency Remediation, Division of Oil, Gas and Mining and local e,nvironmental

organizatisls during the preparation of this DEIS. An extensive mitigation planning process began

in early 1994. The technical advisory cormmittee was established to prwide guidmce to the

dwelopment of mitigation goals and to review the elements of the mitigation program- The Notice

of availability of the DEIS will be published in the Federal Register on March . 1995
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4.6.2 Public Hearins

A public hearing will be held on March 1995 in Salt Lake City. The hearing will be

considered by the Corps on the 404 Permit Application and the EIS during a 45 n 60-day

comment period following the release of this DEIS.

Written comments received by the close of the comment period and oral and written @mments

received at the public hearing will be addressed in the preparation of the Final EIS, which is

scheduled for release in Jrme of 1995.

4.6.3 Final Environmental Imnact Statement

Following publication of a Notice of Availability in the Federal Reoister. distibution of the Final

EIS, and a 30-day comment period, the Corps will issue a Record of Decision (ROD) announcing

i6 fildings regarding the Proposed Action and summarizing its determination in compliance with

Section 404 (b)(l) of the Clean Water Act as well as other environmental issues. The Corps

regulatory program under Section 404 also involves a public interest rwiew. Following iszuance

of the ROD, the Corps will conduct the public interest rwiew where the expected project benefits

are evaluated and balanced against reasonable foreseeable detiments. This public interest review

is the final step before a decision regarding iszuance of the 404 Permit is made.
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CHAPTER 5. PREPARERS AND CONTRIBUTORS

5.1 PREVIOUS STI]DIES

The Environmental Impact Statement baseline studies were prepared over a period of three years

by a team of professional resource specialists and environmental consulting firms. The scope of
the shrdies was to survey and record the existing conditions and to observe the dSmamics of the

study area and altemative sites. The preparers of these baseline studies are listed below wift a

brief outline of their respective confiibutions. For a citation of the reference documents prepared

from their sfirdies, please refer to Chapter 6 - Refere,nces.

Copies of these studies are available for review at the U.S. Army Corps sf Fngrness office,

Bountiful, Utah and the Kennecott Utah Copper Corporation Tailings Modemization Project office.

Firm or Orsanization Contribution

Prefeasibility Analyses for Off-site Tailings Locations,
Cost Estimates for On-site and On-site/Off-site
Altematives

Data Collection and Field Suweys for Fisheries,
Vegetation, Soils, Aquatic Systems, Wildlife

Aquatic Resources

Cnound water Analyses

Engineering Descriptions
Site Dwelopment Design Basis Memorandum
Transition of Facilities

Cultural Resources Surveys

Jurisdictional Waters Delineation and Permit Application
Environmental Studies Summary Report and
Mscellaneous Environmental Resource Study
Practicability Analysis for dtematives Mtigation Site
Assessment
Concept and Detailed Mitigation Plans

5-t

Bechtel Corporation
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BIO/WEST, Inc.

ENTRIx

GeoTrans

Morrison-Iftrudsen Corporation

P-III Associates, Inc.

SWCA, Inc.



I

I 1 Shepherd Miller, Inc. Strface Water Quality
2

I 3 University of Utah Regional Economic Analysisr4
5 Woodward Clyde Consultants Seismic Characterization

l6
t7
I 8 5.2 EIWIRONMENTAL IMPACT STATEMENT

le
I l0 5.2.1 U.S. Armv Corps of Enqineers

lll
I 12 Art Champ, Chief of Regulatory Section" Sacrame,nto Distict
It 13 Brooks Carter, Field Supervisor, Utah Field Office

r 14 Mchael Schwinn, Project Manager, Utah Field Office

tls
- 16 5.2.2 lGnnecott Utah Copoer Corooration

l17
r 18 Robert E. Dunne, Project Manager
I
I 19 Paula Doughty, Environmental Engineer

r20
r2lr 22 5.2.3 Consultants

-23
I 24 DAMES & MooRE DEGREE PR0FESSIoNAL EXPERTISE

TITLE

I 25 Nancy Olmsted MS, Natural Sr. Projectlvtanager Projcctldanager
Resource Mgmt WetlandVBotanical

I 26 Greg Gault BS, Iandscape Environmental Planner Traffic/Noise/Air Qualig

I Architecture Transportation/Traffic

27 Jim Jenscn MA, Envhonmental Sr. hoject Managcr Sr. RcvicVQuality Control

I 
Studies Land Use/Visual

I 28 Jeff Irvin MSCE, Geotechnical Principal Engineer Surface Water
Enginecring Quality4lydrology

I 29 Loren Ilettinger PhD, Plant Ecology Sr. Ecologist Wettands/BoanicalResources

' 30 JohnEveringham MS, SystemsEcology Sr. Projectl\ilanager Publiclnvolve,rnent

I 3l John Wallace IVISCE, Geotechnical Associate Project Engineering

I Engineering Alternativcs Dcvelopment

t
I
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I
DAMES & MOORE DEGREE PROFESSIONAL EXPERTISE

TITLE
If 1 Russ Owens MSCE, Geotechnical Sr. Engineer Geology/Seismicity

Engineering Earth Resources

I 2 Biil Loughlin MS, Geology Associate Ground watcr Resources
I HazafiousMaterials

I 3 l-inwood Smith PhD, Zoology Dircctor, Biological T&E Species/A{dtfe
Resources Study Groupr 4 Kim Smith MS, Environnental Sr. Biologist T&E SpeciesAilitdlife

Managcment

I 5 rcsfic ]vtalville MA, Ecology/ Staff Biologist Aquatic Resources
Mammalogy

I 6 Ccorge Miller MS, Environmental Environmental Planner Land UseA/isuaURecreation

I Studies

7 Everctt Basseff BA, Anthropology Manager, SLC Cultural Cultural Resources

I Resourcescrvices

r 8 Ctyde Rhodes BS, IndusnialMechanical Sr. Environmental Air Quality
Engineer

I 9 t-isa Graham BA, Biology Environmental Scientist NoiseI
l0 Geoff Pool BS, Iandscape Graphics Iltustrator Mapping/Graphics

Archirccture

t 11 Mike Hussey AS, Construction hoject Maoager Scheduling
Technology

I 12 Jason Pfaff BS, Landscape Environmcntal Planner Mapping/Graphics

I Archit$ture

13 Terry Lane MS, Political Science Environmental Scientist VisuaVl-and Use

lvIS, Environmental

I Studies (inprogress)

74 Beth Defcnd BS, Technical Journalism hoject Coordinator Document Production/Bliting

I 15 Sandra Steele BBA, Marketing Busincss Administration Cost Monitoring and Cootrolr Managet

I 16 JeffKosewski AA, Business Jr. Environmcntal CostMonitoringand Control

! Administration Analyst

l7 Bob Mott MA, Economics Consutting Economist Socioeconomics

t18

t
I
I
t
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CIIAPTER 6 - REFERENCES

CIIAPTER 2

Altematives

Bechtel Corporation, 1989. Kennecott Utah Copper Development Projesl failings Site Screening
Study. Prepared for Kennecott Utah Copper Corporation. Bechtel Corporation, San Francisco,
CA.

. 1990. failings TmFoundment hefeasibility Study. Prepared for Kennecott Utah Copper

Corporation. Bechtel Corporation, San Francisco, CA.

Crreer, D.C., lgTl' Great Salt Lake, Utah. Map Supplement Number 14. Annals of the
Association of American Geographers, Volume 61, Number l. Weber State College, Ogde,n,

UT.

Morrison Knudsen Corporation, 1993. Kennecott failings Modemization Froject Cost Estimates
for Tailings Impoundme,nt Altematives. Prepared for Ke,nnecott Utah Copper Corporation.
Morrison Knudse,n Corporation, Boise, ID.

. 1993. Operating Plan Summary Report Rw. B. Prepared for Ke,nnecot Utah Copper

Corporation. Morrison Knudsen Corporation, Boise, ID.

State of Utah, Deparhent of Environmental Quality, Division of Air Quality, 1993. Utah State
Implementation Plan.

SWCA Inc., 1994b. Characterization of Potential Jurisdictional Waters of the U.S. that Occur on
Kennecott Property Within and Adjacent to the North eryansion Study Area Pre,pared for
Kennecott Utah Copper Corporation. SWCA Inc., Salt Lake City, UT.

1994a" Altematives Analysis for the Tailings Modemization Project. Salt Lake City,
Utah. Prepared for Kennecott Utah Copper Corporation. SWCA Inc., Salt Lake City, UT.

Vich S.G., 1990. Planning, Design, and Analysis of Tailings Dams. BiTech Publishers, Ltd.,
Vancouver, 8.C., Canada

Woodward-Clyde Consulting Engineers, 1994. Seismic lJazard, and Design, Earthquakes Ground
Motion Evaluation. Prepared for Kennecott Utah Copper Corporation. Woodrvard-Clyde
Consulting Engineers, Denver, CO.
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CHAPTER 3

3.2 - Bioloeical Resources

American Omithologists' Union (A.O.U.), 1983. Check-List of North American Bfuds. 6th ed.

The American Omithologists' Union, Lawrence, KS. 877pp.

Behle, W.H., 1958. The Bird Life of Great Salt Lake. University of Utah Press, Salt Lake City,
UT.

Behle, W.H. and M.L. Perry, 1975. Utah Birds: Checklist Seasonal and Ecological Occurrence
Charts and Grides to Bfud Finding. Utah Museum of Natural History. Paragon Press, Salt Lake
City, UT.

Behle, W.H., E.D. Sorenseq and C.M. White, 1985. Utah Birds: Revised Checklist. Utah
Museum of Natural History. Occas, Publication Number 4, Salt Lake City, UT.

Bellrose, F.C.,1976. Ducks, Geese, and Swans of North America Stackpole Books, Harrisburg
PA. 544 pg.

Bio-West Inc., 1993a- Fisheries Technical Report for the Great Salt Lake Area of Operations,
Volume I. Bio-West Inc., Iogan, UT.

1993a- Fisheries Technical Report for the Great Salt Lake Area of Operations, Volume
L Bio-West Inc., Logan, UT.

Salt Lake Area of Operation, Volume Itr. Bio-West Inc., Logan" UT.

Lake Area of Operation, Volume II. Bio-West Inc., Iogan, U.

Blinn, D.W., _., Colonization Rates and Commtrnity Stnrcture of Diatoms of Three Different
Rock Substrates in a Lotic System- British Phycological Joumal, 15:303-310.

Brown, D.E. (ed.) 1982. Biotic Communities of the American Southwest - United Sates and

Northem Mexico. Desert Plants, 4:104.

Burq W. H. and R P. Grossenheider, 1976. A Field Guide to the Mammals. 3rd ed. Houghton
Mtrlin Co., Boston, MA. 289pp.

Easterl4 D.A., 1973. Ecnlogy of the 18 Species of Chiroptera atBigBe,ndNational Park, Texas.

Northem Mssouri State University, Studies 34. l65pp.

Ehrlicb, P.R, D.S. Dobkin, and D. Wheye, 1992. Bfuds in Jeopardy. Stmford University Press,

Stanford, CA. 259pp.
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Federal Register, 1993. Endangered and Threatened Wildlife and Plants; Finding on Petition to
List the Spotted Frog. FR 58 (87). Friday, May 7:27260-27263.

Field Meeting Notes, 1993. Unpublished. Participants: Mark Raming, Kathlp Qsllins, Pat
Lorello, and Peter Paton on November 17, at the proposed Kennecott Utah Corporation
Mtigation Site.

Findley, J.S., A.H. Harris, D.E. Wilson, and C. Jones, 1975. Mammals of New Mexico.
University of New Mexico Press, AlbuquerEre, NM. 360pp.

Ha5nvard C.L., C. Cottam, A.M. Woodbury, and H.H. Frost, 1976. Birds of Utah. Great Basin
Natualist Memoirs No. 1. Brigham Young University, Provo, Id'I.229 pp.

Hill, J.E. andJ.D. Smitb" 1984. Bats, ANatural History. University of Texas Press, Austin, fi.
243pp.

Jensen, F.C., 1974. Evaluation of Existing Wetland Habitat in Utah. Utah State Division of
Wildlife Resources, Salt Lake City, UI. Publication Number 74-17. Federal Aid Project
wl17 L-D-R C4.

Johnsgard, P.A., 1990. Hawks, Eagles and Falcons of Norh America" Smithsonian Instihrtion
Press, Washington, D.C. 403pp.

Merritt, R.W. and I(W. Cummins, 1988. An Introduction to the AEratic Tnsects of Nor&
America Kendall-Hunt Publishing Co., Dubuque, IA.

Noel, D. and T. B. Johnson,7993. Spotted Bat. /uiznna Wildlife Views, Special Edition - Bats

of Arizona- August22.

Page, G.W., L.E. Stenzel, W.D. Shufor4 and C.R Bruce,1991. Distibution and Abundance of
the Snowy Plover on its Westem North American $lssding Grormds. Joumal of Field
Omithology, 62:245-25 5.

Paton, P.W.C., and T.C. Edrrards, 1990. Status and Nesting Ecology of the Snowy Plover at Great
Salt Lake, 1990. Utah Birds,6:49-66.

Paton, P., C. Kneedy, and E. Sorenson, 1992. Chronolory of Shorebird and Ibis Use of Selected

Marches at Great Salt Lake. Utah Bfuds,6:l-20.

Paton, P.W.C., 1993. Biologis! U.S. Fish and Wildlife Service Cooperative Unit. Personal
Communication, November 18.

Pennak, RW., 1978. Freshwater Invertebrates of the United States. 2nd Edition. John Wiley
Publishing, New York, NY.

Peterson, R.T., 1990. AField Gtride to Westem Birds. Houghton-Mifflin Co., Boston, MA. 432pp.
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Porter, RD. and C.M. White, 1973. The Peregrine Falcon in Utah, emphasizing ecolory and
competition with the Prairie Falcon. Brigham Young University Sci. Bull., Biol. Ser. l8:l-74.

Re5m.olds, RT., RT. Graham, M.H. Reiser, RL. Bassett, P.L. Kennedy, D.A. Boyce, G. Goodriq
R. Smith, and E.L. Fisher, 1991. Management Recommendations for the Northem Goshawk
in fte Southwestem United States. Northem Goshawk Scientific Committee, USDA Forest
Service, Southwestem Region.

Ryser, F.A. Jr., 1986. Birds of the GreatBasin: ANatural History. Mar C. Fleischmann Series
in Great Basin Natural History. University of Nwada Press, Reno, NV. 604pp.

Scot[ S. (ed.), 1985. Field Gride to the Birds of North America- National Creographic Society,
Washington, D.C.

Skaggs, RW., D.H. Ellis, W.G. Hunt, and T.H. Johnson, 1986. Peregrine Falcon. llssssdings of
the Southwest Raptor Management Symposium and Workshop, University of Arizona Tucson,
M.pp. 127-136.

Spicer, RB., 1991. Spotted Bat. Aftmra Wildlife Views. Arizona Game and Fish De,parhent.
AprillT.

Stebbins, Robert C., 1985. A Field Gtride to Westem Rept'rles and Amphibians. The Peterson
Field Guide Series. Houghton Mtrlin Co., Boston, MA.

SWCA Inc., 1993. Biological Assessment for the North Expansion Area Prepared for Kennecott
Utah Copper Corporation. SWCA Inc., Salt Lake City, UT.

1994c. Environmental Studies Summary Report North E:pansion Study Area- Prepared
for Kennecott Utah Copper Corporation. SWCA Inc., Salt Lake City, UT.

7994d. Wetland Mtigation Concept for the North Expansion Project Prepared for
Kennecott Utah Copper Corporation. SWCA Inc., Salt Lake City, UT.

1994e. Avian Use Pattems of Salt Evaporator Impoundment and Adjacent Areas.
Prepared for Ke,lrnecott Utah Copper Corporation. SWCA Inc., Salt Lake City, UT.

Terres, J.K, 1980. The Audubon Society Encyclopedia of North American Birds. Alfred A.
Knopf, lrlY. 1109pp.

Utah Deparment of Mldlife Resources, 1993. Native Utah Wildlife Species of Special Concern.

DRAFT. Utah Deparment of Wildlife Resources, Salt Lake City, t-IT.
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U.S. Army Corps of Engineers, 1987. Corps of Engineers Wetlands Delineation Manual Technical
Report Y-87-1.
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U.S. Fish and Wildlife Service, 1990. National Wetland Inventory Maps.

U.S. Soil Conservation Service, 1974. Soil Survey of the Salt Lake Are4 Utah. Soil Conservation
Service, Washington, D.C.

Watkins, L.C., 1977. Euderma maculatum. Memmalian Series 77:4.

Whitaker, J.O. Jr., 1980. The Audubon Society Field Gride to North American Mammals. Alfred
A. Knopf, New York, NY. 745pp.

Zeveloff, S.I. and F.R Colletg 1988. Mammals of the Intermountain West. University of Utah
Press, Salt Lake City, UT.

3.3 - Water Resources

American Public Health Association, 1989. Stmdard Methods for the Examination of Water and
Wastewater. lTth Edition. American Public Health Association, Washington D.C.

Bio-West Inc., 1993c. Water Quality Technical Report, Environmental Baseline Monitoring for
the Great Sdt Lake Area of Operations, Volume V. Bio-West Inc., Logan, UT.

Chen-Northem, 1991. Crreat Salt Lake Area Monitoring Well Constnrction and Aquifer Testing.
Prepared for Kennecott Utah Copper Corporation. Chen-Northem, !ff-.

pngineering Technologies Associates, Inc., (ETA), 1992. Ground water Assessme,nt Report of the
Great Salt Lake Area, Draft Final Report. FT'A, ???.

Geotrans, 1993. Regional Creochemical Report for the Great Salt Lake Area- Prepared for
Kennecott Utah Copper Corporation. Geotans, ???.

Hely, Allen G., RW. Mower, and C. Albert Har, 1971. Water Resources of Salt Lake Cotmty,
Utah. State of Utah, Deparhent of Natural Resources, Tecbnical Publication 31.

Kennecott Environmental Laboratory, 1993. I(EL Quality Confrol Report. BioMest Baseline
Conditions Monitoring. Kennecott Environmental Laboratory, Salt Lake City, UT.

Kennecott Utah Copper Corporation, 1992. Hydrogeologic Report for the Great Salt Lake (GSL).
(Submitted by Kennecott to the Utah Deparfinent of Environmental Quality, Deparhent of
Water Qudrty). Kennecott Utah Copper Corporation, Magn4 UT.

- 

1993. Ground Water Discharge Permit Application for the Kennecott Utah Copper
Tailings Impoundment. (Submitted to fte Utah Deparment of Environmental Quality, Division
of Water Qudity). Kennecott Utah Copper Corporation, Magn4 UT.
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.7993. Hydrogeologic Report for the Great Salt Lake Are4 Volume I and 2. Kennecott
Utah Copper Corporation, Magn4 UT.

for the Kennecott Utah Copper Corporati6l failings TmFormdme,lrt. (Submitted to the Utah
Deparhent of Environmental Quality, Division of Water Quality). Ke,lrnecott Utah Copper
Corporation, Magn4 UT.

Montgomery, James M., 1992. Monitoring Well and Boring Logs for Kennecott Smelter md
Refinery Areas. Prepared for Kennecott Utah Copper Corporation.

Shepherd Miller Inc., 1994. $trmmary Surface Water Report Pre,pared for Kennecott Utah Copper
Corporation. Shepherd Mller Inc., Fort Collins, CO.

SWCA Inc., 1994c. Environme,ntal Studies Summary Report North E4ansion Snrdy Area
Prepared for Ke,nnecott Utah Copper Corporation. SWCA Inc., Salt Lake City, UT.

U.S. Environmental Protection Agency,1987a- Ambient Water Quality Criteria for Silver @raft).
Office of Research and Dwelopmen! Environmental Research Laboratories. Duluth, MN.

._.,,_, 1987b. Ambient Water Quality Criteria for Selenium- Office of Research and
Dwelopment Criteria and Standards Division. EPA 44015-871006.

1988a" Pesticides. Water Quality Standards Criteria Sum-aries: a Compilation of
Stateffederd Criteria Of,fice of Water, Division of Regulations and Standards. Washinglon,
D.C. EPA 440/s-88/006.

1988b. Cadmium- Water Quality Standards Criteria Summaries: a Compilation of
State/Federal Criteria- Office of Water, Division of Regulations md Stadards. Washington,
D.C. EPA M0ls-88i014.

1988c. Iron. Water Qudity Standards Criteria Summaries: a Compilation of
State/Federal Criteria Office of Water, Division of Regulations and Standards. Washingloa
D.C. EPA 440/s-88/-22.

StateFederal Criteria Office of Water, Division of Regulations and Standards. Washingto4
D.C. EPA 4401s-88/030.

__2 1988e. Copper. Water Quality Standards Criteria Summaries: a Compilation of
StatelFederal Criteria- Office of Water, Division of Regulations and Standads. Washington"
D.C. EPA 4401s-88/014.

_____2 1988f. Arsenic. Water Quality Standards Criteria Summaries: a Compilation of
StatelFederal Criteria Office of Water. Division of Regulations and Standards. Washinglon,
D.C. EPA 440/5-88/018.
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Lewis Publishers, Chelsea M.
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Wells. State of Utah, Deparhent of Natural Resources, Technical Publication No. 87.

Woodrvard-Clyde Consulting Engineers, 1994. Continuity of the Upper Bonneville Clay,
Kennecott Tailings Modenrization Projec! WCC Project No. 23224 (Task F). Prepared for
Kennecott Utah Copper Corporation. Woodrvard-Clyde Consulting Engineers, De,nver, CO.

3.4 - Earth Resources

Bio-West Inc., 1993b. Soils Technical Report for the Great Salt Lake Area of Operation" Volume
tV. Bio-West Inc., Logan, UT.

Geotrans Inc., 1992. Regional Geochemical Report for the Great Salt Lake Area- kepared for
Kennecott Utah Copper Corporation.

Crurynn, J.W., 1980. Great Sdt Lake: a Scientific, Historical and Economical Overview. Utah
Deparhent of Natural Resources, Utah Creological and Mineral Survey, Bulletin 1116.

Hassibe, W.R and W.G. Keck, 1991. The Great Salt Lake. U.S. Creological Survey, Washington,
D.C. 14.

Kennecott Utah Copper Corporation, 1993. Hydrogeologic Report for the Great Salt Lake Area"
Volume I and 2. Kennecott Utah Copper Corporation, Magn4 UT.

Kennecott Utah Copper Corporation, Tailings Modemization Projec! DOGM Notice of Intention
to Commence Large Mining Operations.

Klohn Leonoff, 7992. Southeast Comer of Magna Tailings Tmpoundmen! Summary of
Geotecbnical Site Characterization. Prepared for Kennecott Utah Copper Corporation.

Lindsay, W.L., 1979. Chemical Equilibria in Soils. Wiley-Interscience, New Yorh NY.

SWCA Inc., 1994a Altematives Analysis for the Tailings Modemization Project SWCA Inc., Salt
Lake City, UT.

- 

1994c. Environmental Studies Summary Report North Expansion Strdy Area Prepared
for Kennecott Utah Copper Corporation. SWCA Inc., Sdt Lake City, UT.

U.S. Soil Conservation Service, 1974. Soil Suwey of the Salt Lake Are4 Utah. Soil Conservation
Service, Washington, D.C.

6-7



I
t
I
I
I
I
I
I
t
t
t
t
I
I
t
I
I
I
T

I
2
3

4
5

6
7
8

9

t0
It
t2
l3
t4
l5
l6
t7
18

l9
20
zl
22
23

24
25
26
27
28
29
30
3l
32
33

34
35

36
37
38
39
40
41

42
43
44
45
46

1991. Hydric Soils of theUnited States. Mscellaneous Publication, Number 1491. Soil
Conservation Senrice, Lincoln, NE.

Woodward-Clyde Consulting Engineers, Inc.,19924 Summary Report, Seismic Hazud, Evaluation,
Kennecott, Cneat Salt Lake Area Prepared for Ke,nnecott Utah Copper Corporation.
Woodward-Clyde Consulting Engineers, Denver, CO.

1992b, Geotechnical Site Characterization, Magna feiling Impoundment Norft Perimeter.
Prepared for Kennecott Utah Copper Corporation. Woodrvard-Clyde Consulting Engineers,
Denver, CO.

- 1994. Seismic lJazard and Design Earthquake Ground Motion Evaluation. Prepared for
Kennecott Utah Copper Corporation. Woodrvard-Clyde Consulting Fnginesls, Denver, CO.
(Cunently In Progress)

1994. Seismic Haz.ad Evaluation, Kennecott failings Impormdment Modernization
Project. Prepared for Kennecott Utah Copper Corporation. Woodrrard-Clyde Consulting
Engineers, Denver, CO.

1994b, Supplemental Data Submittal Requested 1s1 failings Impormdment Grormd water
Discharge Permit Application, Continuity of the Upper Bonnwille Clay Kennecott Tailings
Modemization Project. Prepared for Kennecott Utah Copper Corporation. Woodward-Clyde
Consulting Engineers, Denver, CO.

Additional References Not ldentilied in Text

Bechtel Corporation, 1990. Tailings Impoundment Prefeasibility Study. Prepared for Kennecott
Utah Copper Corporation. Bechtel Corporation, San Francisco, CA.

Klohn Leonofl 1989. Reduction Study. Prepared for Kennecott Utah Copper Corporation.

Corporation.

3.5 & 3.6 - Land Use. Transportation. Utilities & Visud Resources

Bureau of Land Management. 1986. Visual Resource Management Inventory and Contrast Rating
System Manuals. Bureau of Land Manageme,nt Washington" D.C.

1986. Visual Resource Management Inventory and Contast Rating Manuals. Bureau of
Land Management Washington, D.C.

Fenneman, N., 1931. Physiography of the Westem United States. First Edition. McGraw-Hill
Book Company, Inc., New Yorh NY.
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Kennecott Utah Copper Corporation" no date. Tailings and Water Service Plant Description. File
Report. Kennecott Utah Copper Corporation, Magn4 UT.

no date. Tailings and Water Service Plant Description. Ke,lrnecott Utah Copper
Corporation, Ma€na, UT.

Morrison Knudsen Corporation, 1994. Conditional Use Permit Application. Prepared for
Kennecott Utah Copper Corporation. Morrison I(nudsen Corporation, Boise, ID.

for Kennecott Utah Copper Corporation. Morrison Knudsen Corporation, Boise, ID.

_J 1994b. North TmFoundment Reclamation Plan" Rw. D. Prepared for Kennecott Utah
Copper Corporation. Morrison l(nudsen Corporation, Boise, ID.

_r 7994c. Operation Plan Summary Report, Rev. 62. Prepared for Kennecott Utah Copper
Corporation. Morrison Knudsen Corporation, Boise, ID.

_, 1994d. Operating Plan Summary Report, Rev. B. Prepared for Kennecott Utah Copper
Corporation. Morrison I(nudsen Corporation, Boise, ID.

1994e. Site Dwelopment Design Basis Memorandum, Rw. A. Prepared for Ke,nnecott

Utah Copper Corporation. Morrison I(nudsen Corporation, Boise, ID.

Morrison Knudsen Corporation, Boise, ID.

4, 79949. Transition of Facilities, Existing Impoundment Surface Transition Design Basis
Memorandum" Rev. A. Prepared for Kennecott Utah Copper Corporation. Morrison lfuudse,lr
Corporation, Boise, ID.

_, 1993a Environmental Reconnaissance Memorandum Reporq Rw. A Draft. Prepared for
Kennecott Utah Copper Corporation. Morrison Knudsen Corporation, Boise, ID.

_:, 1993b. Permitting Memorandum Reporq Rw. A Draft. Prepared for Kennecott Utah
Copper Corporation. Morrison Ifuudsen Corporation, Boise, ID.

Corporation. Monison I(nudsen Corporation, Boise, ID.

__-.--2 1993d. Rezoning Application North Expansion Tailings Tmpoundment Modemization
Letter. Prepared for Kennecott Utah Copper Corporation. Morrison Knudsen Corporation,
Boise, ID.
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SWCA Inc, 1994a, Altematives Analysis for the lailings Modemization Project. Prepared for
Kennecott Utah Copper Corporation. SWCA Inc., Salt Lake City, UT.

1994b. North Expansion Study Area Map, Figure 1. Land Categories and Potential
Jurisdictional Waters of the U.S. Prepared for Kennecott Utah Copper Corporation. SWCA
Inc., Salt Lake City, UT.

1994c. Environmental Studies Summary Report North E4ansion Study Area Prepared for
Kennecott Utah Copper Corporation. SWCA Inc., Salt Lake City, UT.

VanCott, J., 1990. Utah Places Names. University of Utah Press, Salt Lake City, UT.

3.7 - Socioeconomics

Boyle, Tom" 1994a- Intemal memorandum, "Requested cost information for the Dames & Moore
Socioeconomic analysis of the no-action altemative." Kennecott Utah Copper Corporation,
Magna UT.

7994b. Intemal memorandum, "Requested cost information for the Dames & Moore
Socioeconomic analysis of the three action altematives." Kennecott Utah Copper Corporation,
\atagnq UT.

Burean of Business andEconomic Research, 1993. Statistical Abstract of Utah 1993. Bureau of
Business and Economic Research, David Eccles School of Business, University of Utah, Salt
Lake City, UT.

1991. Kennecott Corporation and the Utah Economy. David Eccles School of Business,
University of Utah, Salt Lake City, LlT.

Bureau of Economic Analysis, 1994. Regional Economic Information System (CD-ROM).

Federal Reserve Bank of Sm Francisco, 1994. Westem Economic Dwelopments.

Govemor's Office of Planning and Budget 1994u State of Utah Economic and Demographic
Projections 1994: Highlights. State of Utah, OPB, Salt Lake City, I-n.

7994b. Economic Report to the Govemor. State of Utab OPB, Salt Lake City, UT.

SWCA Inc., 1994. Environmental Studies $ummary Report North Eryansion Study Area Prepared
for Kennecott Utah Copper Corporation. SWCA Inc., Salt Lake City, UT.
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3.8 - Hazardous Materials

Ardaman and Associates, Inc., 1980. Geotechnical Investigation and
Recommendations of the Gypsum Stack, Garfield Phosphate Plant July 24.
Associates, Inc., Orlando, FL.

. 1986. Closure Analysis and Recommendations for Glpsum Storage Area-
Chewon Chemical Company. Ardaman and Associates, Inc., Orlando, FL.

Management
Ardaman &

Prepared for

Hofuan, Ev4 1994. Regron VIII, U.S. Environmental Protection Agency. Personal
Correspondence, October 17, 1994.

INTERA, 1991. Environmental Site Assessment of the Chevron Garfield Phosphate Plant.
CONFIDENTIAL. Prepared for Kennecott Utah Copper Corporation. INTERA, Itrc., Austin,
TX.

1991. Environmental Site Assessment of the Morton Salt Saltair Resort Facility.
CONFIDENTIAL. Prepared for Kennecott Utah Copper Corporation. INTERA Inc., Austin"
TX.

Kennecott Utah Copper Corporation, 1994. Addendum to the November 5,1993 Ground Water
Discharge Perrrit Application for the Kennecott Utah Copper Corporation Jailings
Impormdment. (Submitted to the Utah Deparhent of Environmental Quality, Division of
Water Quality).

Laxsen, Rod 1994. Containerized Waste Inventory. Personal Communication. Kennecott Utah
Copper Corporation, Magna" UT.

Morrison Knudsen Corporation, 1993. Operating Plan Summary Report, Rev. B. Prepared for
Kennecott Utatr Copper Corporation. Morrison Knudsen Corporation" Boise, ID.

RUST Environment and Infrastructure, 1994. Field Investigation Chwron Crarfield Phosphate
Plant Prepared for Kennecott Utah Copper Corporation, Contract C-006.

3.9 - Culturd Resources

Aikens, C.M. and D.B. Madsen, 1986. Prehistory of the Eastem Area In D'Azevedos, W.L. (ed.),

Great Basin. Handbook of North American Indians ll. Smiftsonian Institution" Washington"
D.C. pp. 149-160.

Arrington, L.J. and G. Hansen, 1963. The Richest Hole on Earth: A History of the Bingham
Copper Mne. Utah State University, Lngan, UT.

Chamberlain, RV., 1911. The Ethno-botany of the Goshute Indians of Utah. Memoirs 2.

American Anthropological Association. WashinSon, D.C.
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Fuller, C., 1983. Black Rock Cave: An Historical Overview. In Madse,n, D.B. (ed.), Black Rock
Cave Revisited. Cultual Resource Series 14. Bureau of Land Managemen! Utah State Office,
Salt Lake City, UT. pp. 86-98.

Heath, K, 1993. Cultural and Paleontological Inventory and Testing of 1965 Acres in Sections
76, 17, 19,20,27, of Township 1S, Rmge 2W Salt Lake County, Utah. Cultrud Resources
Report 478-07-9729. P-Itr Associates, Salt Lake City, UT.

Heath, IC and J. Iones, 1994. Cultural and Paleontological Inventory of 5490 Acres in Westem
Salt Lake County. Culturd Resources Report 498-01-9271. P-Itr Associates, Salt Lake City,
ur.

Heizer, Robert F. and Thomas R Hester, 1978. Great Basin. In Taylor, RE. ad Clement W.
Meighan (eds.), Chronologies in New World Archaeology. Academic Press, New Yorlq l.IY.

Holmer, Richard N., 1986. Common Projectile Points of the Intermountain West. In Condie,
Carol J. and Don D. Fowler (eds.), Anthropolory of the Desert West Essays in Honor of Jesse

D. Jennings. University of Utah Anthropological Papers No. 110. Salt Lake City, UT. pp.
89-1 15.

Hulse, I., 1964. From Rags to Riches: A Resume of Area History from the Mddle Eigbteen
Hrmdreds, Beginning in the Salt Lake Valley to the Present Time. Tooele Transcript Press,
Tooele, IJT.

fames S.R and D.J. Singer, 1980. Cultural Resources Existing Data Inve,ntory, Salt Lake Distict
Utah. University of Utalq Archaeological Center, Salt Lake City. Reports of Investigations
80-17.

Je,nnings, Jesse D., 1990. Prehistory of Norlh America 3rd ed. Mayfield Publishing Company,
Mt. View, CA.

- 

1978. Prehistory of Utah and the Eastem Great Basin. University of Utah
Anthropological Paper No. 98, Salt Lake City, UT.

Lamb, S.M., 1958. Linguistic Prehistory in the Great Basin. Intemational Joumal of American
Linguistics 24(2\:95 -100.

Madse,n, D.8., 1982. Get It Where the Gettin's Good: A Variable Model of Great Basin
Subsistence and Settlement Based on Data from the Eastem Great Basin. In Madsen" D.B. and

J.F. O'Connell (eds.), Man and Environment in the Great Basin. SAA Papers 2. Society for
American Archaeology, Washington, D.C. pp.207-226.

Madsen, David B. and James F. O'Connell, 1982. Man and Environment in the Great Basin.
Society for American Archaeology, Paper No. 2. Washington D.C.

P-Itr Associates, 1993. Supplemental Re,port.
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$imms, S.R, 1990. Fremont Transitions. Utah Archaeology 1990 3(l):1-18.

1986. New Evidence for the Fremont Adaptive Diversity. Journal of Califomia and Great
Basin Anthropolo gy 8(2):204-276.

$imms, S.R, C.J. Loveland and M.E. Stuart, 1991. Prehistoric Human Skeletal Remains and the
Prehistory of the Great Salt Lake Wetlands. Utah State University, Departuent of Sociology,
Social Work, and Anthropology, @repared for Utah Departuent of Natral Resources.) Logao"
UT.

Weber, R, 1994. Archaeological Assistant, Utah State Historical Society. Personal

Communication. March 2- 1994.

3.10 - Noise

Parsons, Brinkerhoff, Quade & Douglas, 1993. Tailing TmFoundment Norh End Noise Analysis.
Prepared for Kennecott-Utah Copper Corporation. Parsons, Brinkerhoff, Quade & Douglas,
Seattle, WA.

Federal Highway Arlministation, 1977. Barrier Design for Highway Projects, U.S. Deparhent
of Transportation.

1977. FIIWA Highway Traffic Noise Prediction Model, U.S. Deparhent of
Transportation FHWA-RD-77-l 08.

Sdt Lake City-County Health Deparment, 1991. Health Regulations 21, Noise Contol.

Wilson, Charles E., 1989. Noise Control. Harper and Row Publishers, New York, I{Y.

3.11 - Air Oualitv

Morrison l(nudsen Corporation, 1993. Operating Plan Summary Report Rev. B. Prepared for
Kennecott Utah Copper Corporation. Morrison Knudsen Corporation, Boise, ID.

SWCA Inc., 1994. Mscellaneous Information: North Expansion Study. Prepared for Kennecott
Utah Copper Corporation. SWCA Inc., Salt Lake City, UT.

Utah Division of Air Quality,1993. Utah Sate Tmplementation Plan, November 5, 1993.

6-13



I
I
I
I
I
I
t
t
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
T

I
t
I
I
I
I
I
I
I
I
I



APPENDD( A

Sampling Site and Survey Maps for
Biological and Water Resources
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APPENDIX C

Glossary, Acronlnns and Abbreviations



I
I c,,ossARy, AcRoIvyMs Ar\tD ABBRE'TATT'N'

I A-weighted scale - weighting scheme applied to sound lwel measurements; corresponding

I 
proximately to human hearing sensitivity. Expressed as decibels. (A-weighted (dBA)

r. ACIIP - Advisory Council on Historic Preservation

I

- acid water -

I

I 
aggregated - a collection of unie or parts somewhat loosely associated with one another

r alkati - a substance that neutralizes acids

I

- alkali scrub -

t
I 

alluvial - pertaining to material or processes associated with transportation or deposition by

I running water

t aluminum (Al) - a silver-white malleable ductile light metallic element

I amalgamated -

I ambient noise - a mix of all the existrng sound within a glven location, room, etc.; background

a noise

I
r analytes -

I
- anhydrous ammonia -

I

I 
anions - negatively charged ions

I c-l

t



I
I aquatic - growing or living in or frequenting water

I aquifer - a water bearing layer of permeable rock, sand, or gravel

I arsenic (As) - a solid brittle poisonous chemical element of grayish color and metallic luster

I arterials -

I archaic stage -

I anatr -

I AST - Above Ground storage Tank

t attenuation - to weaken

J avian - of, relating to, or derived from birds

t avifauna -

I baclfrlling - the operation of refill and excavation and finishing the surface

I barium (Ba) - a silver-white metallic chemical element that occurs only in combination

I BACT - Best Available Control Technology

I Bald Eagle Act of l94o -

I barge pumps -

I bassia -

I
I

c-2



I
I BEBR - Bureau of Business and Economic Resources

I bedrock - the rock that underlies gravel, soil, or other zuperficial material

I Beneficial Impact -

I berm footprint -

t berm - a layer of large rock or other relatively heavy, stable material placed at the outside

I biota - of or relating to life

t biphenyls -

I blanket drain -

I BLM - Bureau of Land Management

t BoDs -

t boleana -

I Bonneville Clay -

I booster stations -

I bouguer -

I Bouguer gravity sur"yey -

I Bramwell silty loam -

t c-3
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I
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I
I
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I
I
I
I
I
I
I
t
I
I

brine - water saturated with salt

C-7 Ditch - conveyance for water discharged from the tailings impoundment. Transports water

from oufall 001 north and then west to the Great Salt Lake

CAAA - Clean Air Act and Amendment

cadmium (Cd) - a bluish white metallic chemical element used in protective platings

cations - a positively charged ion

CEQ - Council on Environmentat Quality

CERCLA - Comprehensive Environmental Response, Compensation and Liability Act of 1980

CFR - Code of Federal Regulations

channel bed substrates -

chloride - a compound of chlorine with another element or group

Class 3 waters - Class 6 waters -

closed basins -

concentrator -

Corps - The U.S. Army Corps of Engineers

cultivar -

c-4
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CWA - Clean Water Act

cyclone - mechanical process of separating slunied tailings into underflow and overflow

cyclone station - the location that fts tailings are separated into overflow and underflow

dB - decibel - a logarithmic ration between pressures caused by a given sound and a standard

sound pressure; a measureme,nt of noise

dBA - a weighted noise level scale used to correspond to the range and characteristics most

consistent with the way human ears perceive sounds

decant pond -

DEIS - Draft Environmental TmFact Statement

delisting - removing species from threatened and/o1 sadengered categories of federal and/or state

special status lists

depauperate -

dewatering -

disjunct -

disfurbed anea - an area where vegetation, topsoil, or overburden is removed or upon which

topsoil, spoil, and processed waste is placed as a result ef mining

DOGM - Division of Oil, Gas, and Mining. State of Utah, Deparhent of

drainage blanket -

c-5
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drawdown -

dry phosphate fertilizers -

DWQ - Division of Water Quality, State of Utah, Department of Environmental Quality

E - Federal code for any species that is in danger of extinction throughout all or a significant

portion of its ranger with the exception of a species of the Class Insecta

ecosystem - the complex of an ecological community and its environment functioning as a unit

in nafure

edaphic - having to do with the influence of soils on living things, particularly plants, including

human use of land for plant growth

EIS - Environmental Impact Statement - a detailed document prepared pursuant to the National

Environmental Policy Act

electrofishing -

embankment design criteria -

endangered - any species in danger of extinction through all or a significant portion of its range

Existence may be endangered becatrse of the destnrction, drastic change, or severe curtailment of

habitat, or because of overoploitation, disease, predation" or unknown reasons

EPCM .

EPA - U.S. Environmental Protection Agency
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I
I ephemeral stream - a sfieirn that flows only in direct response to rainfall and snowmelt events;

I 
having no baseflow

I 
equidistant - equally distant

I 
ERM-

I ERNS - Emergency Response Notification System

I

I 
est - estimated

I 
ethnographic -

I 
ethnohistoric -

I 
evaporation ponds -

I 
extirpated - any species that has disappeare4 as a part-time or full-time resident of its rmge

I 
eyries - cliff nesting site used by birds of prey

FDAP - Fugitive Dust Abateme,nt Program

I

I 
Federal Register -

I 
FEIS - Final Environmental TmFact Statement

I

I 
FIIPM - Federal-Aid Highway Program Manual

FIIWA - Federal Highway administationt
I c'7
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floristic -

F'LPMA - Federal Land Policy and Management Act

fluvial -

footprint -

forb -

former Salt Plant - Morton Salt Facilitv

FTE - full time equivalents

Gadield Plant - Chewon Garfield Phosphate Plang Utah

generic mitigation - consists of measures or techniques recommended on anon-specific orproject

wide basis as part of the proposed action. Specific mitigation include measures recomme,nded on

a case-by-case basis

geomembrane -

geomorphic -

geotechnical -

govts - govemments

gradient - slope

graminoid -



grasslands - lands covered naturally or under cultivation with grasses and low-growing herbs

gravel zone -

Gross Regional Product -

grubbing - removing vegetation and other material from a surface area prior to mining sl mining-

related disturbance

GWQP - Ground Water Qudity Protection

glfpsum - calcium sulfate

habitat - the place where an anrmal or plant normally lives, often characterized by a dominant

plant and codominant form

header dikes -

herpetofauna - amphibians and reptiles

hibernacula -

historypology -

Hwy - Highway -

hydraulic gradients -

hydrogeolody -

hydromulching -

c-9



I
! hydroseeding -

t rBr-

I IMPLAN - System of input/ouput modeling ut'rlized to estimate economic impacts

I impoundment -

t in sifrt- latin for in place

I insecta - class of species in danger of extinction but determined to constitute a pest whose

I protection under the Endangered Species Act would present an overwhetning *6 svsrriding risk

I to man

I intertacustrat -

I interstitial -

I inundation - floorting

I iron (Fe) - a heavy magnetic metallic chemical element that rusts easily, can be readily shaped

- and is vital to biological processes

t
- ISB - Intermountain Seismic Belt

I
- Jo - Jordan silty clay loam

I

I 
jurisdictional - the limits or tenitory within which the power, right or authority to interpret md

I apply the law may be exercised

I Kennecott - Kennecott Utah Copper Corporation

I c-10
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kV - kilovolts (1000 volts)

lacustrine -

lanceolate -

land jurisdiction - the limic of administrative authority of a federal, state, or local government

agency

landform contrast -

LcA - Lasil silt loam

leach - to pass a liquid through to carry off soluble components

leachate -

lead (Pb) - a heavy bluish white chemical element that is easily bent and shaped

lithics -

loam - a loose soil of mixed clay, sand and silt

M-la -

macroinvertebrate -

macrophytes -

mammalory - the study of mammals

c-I1



I

t mammds - any of the group of vertebrate animals that includes humans and all others which

) nourish their young with milk

I
r MCE - Morimtrm Credible EarthErake

t
- Mech - mechanical

I
I megafauna -

I
- metates -

I

I 
microearthquake -

r mitigation - rectiffing 4l impact by repairing, rehabilitating, or restoring the affected e,lrvironment

T

I morpholory - a branch of biology dealing with the form and stnrcture of organisms

t
- MSCE -

I
I NAAQS - National Ambient Air Quality Standards

I
I NEPA - National Environmental Policy Act, 1969 legislation which encour€es restoration and

t maintenance of environmental quality to the overall welfare of living things

I NESHAP -

I NI{PA - National Historic Preservation Act

I non-water dependent - an activity associated with a discharge which is proposed for a special

I 
aquatic site that does not require access or proximity to or siting wiftin the special aquatic site in

I question to fulfiIl its basis purpose

I
I
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NOA - Notice of Availabiliw

NPL - National Priorities List

NRIIP - National Register of Historic Places

numic -

NWI - National Wetland Inventorv

over{low - the finer-grained materials of the that are produced when tailings are processed through

a cyclone

organic - of, relating to, or deriving from living things

outlier -

overstory species -

overflow retention basins -

OBE - Operating Basis Earthquake

open-pit copper mine -

Owhd - Overhead

Paleo-Indian -

paleontologr - a science dealing with the life of past geologic periods, especially as known from

fossil remains
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I
I paltiative -

I palustrine ,

I passerine - the largest order of birds, including most songbirds

I PCBs - Polychlorinated biphenyls - any of sweral industial coryounds that are poisonous

I 
environmental pollutants

t 
Penstemon -

I 
perennial - a plant that lives for an indefinite number of years

I 
peripheral discharge system - the discharge of tailing to the perimeter of the tailings

I impoundmenf providing circumference beach management

I periphyton -

I permeabilities -

I petroleum - an oily flammable liquid obtained from wells drilled in the ground md refined into

I 
gasoline, fuel oils, and other products

I 
pH - a value used to qipress aciditv and alkalinity

t 
phosphate - a salt of phosphoric acid

I 
phosphogypsum -

I 
phosphoric acid - any of several oxygen-containing acids of phosphonrs

I c-14
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I
I phreatic - hydrautic gradient

t physiographic - geography dsaling with physical features of the earth

I pinyon - any of various low-growing pines of westem North America with edible seeds

I pithouse -

I playa -

I PM - particulate matter (e.g. PM-10)

I polonium (Po) - a radioactive metallic chemical element

I ponar -

I ppty - property

I practicable - describes an altemative that is available and capable of being imFlemented after

I 
taking into consideration existi.g technologa, logistics, and economics in light of the overall

t project purpose

I prehistoric PM-10 - particulate matter less than 10 microns in diameter (One micron is

r equal to one-millionth of a meter)

I

I 
Protohistoric -

l pump house -

I

I 
Quanternary -

I c-rs

I



I
I RACT - Reasonably Available Contol Technology

I radial flow -

t radionuclides -

I raptors - bfuds of prey (e.g., hawks, owls, vultures, eagles)

I RCLs - Recomme,nded Clean-up Levels

I RoD - Record of Decision

I REIS - Regional Economic Information System

I remediation -

I revegetation - plant growth that replaces original ground cover following land disturbance

t richter magnihrde -

I sa - saltair silty clay loam

t sacaton -

I safne playas - sparsety vegetated inland basins that are occasionally or at least historically

I 
inundated by Great Sdt Lake

I 
SARA -

I scoping - an early and open process for determining the scope of issues to be addressed

I in an EIS and for identifuing the significant iszues related to a proposed action

I c-16
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I
I scs - soil conservation services

I sedentism -

I seismic - of, relating to, resembling, or catrsed by an earthquake

I sebnium (Se) - a nonmetallic chemical element that varies in electrical conductivity with the

I 
intensity of its illumination

I SIP - $1a1s rmplementation Plan

I
r SIIPO - State Historic Preservation Office

I
r single-point discharge -

I
r slag - the waste left after the melting of ores and the separation of metal from them

I

I 
slurry - a watery mixnre of insoluble matter

r socioeconomics -

I

I 
Special Status Species - any species listed by state or federal agencies as threatene6 el gndangered

I spigot - refers to a fixtue at the end of a tailings delivery pipe, similar to a

I fauce! used as a discharge point for the slurry

I splitter box - a flow dividng chamber

I SPLP - Synthetic Precipitation Procedure

I starter dike -

I c-17
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I
r static pnessunes -

I strata - a single serlimentary layer of any thickness

I subirrigated -

I subpopulation -

I subsidence - the settling of tiquid to the bottom

I sulfuric acid - a heavy conosive oily sfiong acid

I superfund -

I surficiat -

t T - federal code for any species that is likety to become an endangered species wiftin the

r foreseeable funre throughout all or a significant portion of ic range

r

I 
tackifer -

I 
tailings - the unusable portion of the ore and an unavoidable and non-economic by-product of the

I exhaction of economic minerals from ore

t tailings impoundment - name of facility. In 1991, the size of the impoundment is 5727 acres,

I mardmum depth of tailings is 200 feet, rate of tailings discharge to the impoundment is 105,000

I tons per day and annual rise of tailings is 5.5 feet/year

I tamarisk -

I taxa -

I
I
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I
I rc,,p -

t TDs - Total Dissolved Solids

I threatened species - species which, although not presently threatened with exinction, is likely to

I H":. 
endangered in the foreseeable future in the absence of special protection and manageme,nt

I toe dike -

I toe ditch -

I Tordon - herbicide added to fertilizer

I tpd - tons per day

I rPH - Total pefioleum Hvdrocarbons

I transition dikes -

I triaxiat -

I tributaries - waterways that flow into a larger strearn or lake

I UAc - Utah Administrative Code

I uDAQ - Utah Division of Air Quality

I UDEQ - Utah Deparhnent of Environmental Quality

I UDOT - Utah Deparhent of Transportation

I c-re

I



I
I UDWR - Utah Division of Wildlife Resources

I underflow - the coarser, stnrctural sand fraction of the slurry that is separated out when the tailings

I 
are processed through a cyclone; most embankments are made from underflow tailings

I 
under{low sands -

I 
understora species -

I 
LINIIP - Utah Nahral Heritage Program

I 
IIP&L - Utah Power and Light

I 
LIPDES - Utah Pollutmt Discharge Elimination System

I 
L}PRM - Union Pacific Resources-Minerals

I 
UPRR - Union Pacific Railroad

I 
USC - United States Code

I 
USDI - United States Deparhent of Interior

I 
USIVS - United States Fish and Wildlife Sewice

I 
UST - Underground Storage Tank

I 
volcanic outcrops -

! 
watercourses -

I c'20
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wetlands -

wireway -
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404 Permit . l-lo-12, 2-lo, 2-11,2-37, 4-1, 4-7
A-Weighted scale ...3-165,3-167,C-l
ACIIP . 3-162,3-163, C-l
acidwater ....C-1
Advisory Council on Historic Preservation . 3-162, C-l
agricultural land . 3-102,3'167
alkali scrub 3'11,3-12,3-35, C-l
alluvial . . . 2-7,2-26,2-29,3-20,3-27, 3-95,3-97,3-112, C-l
aluminum 3'52,3-55, 3-58, C-l
ambient noise 3-l&,3-166-169, C-l
anhydrous ammonia . . 3-147, C-l
anions 348,3-82, C'l
Approval Order 3'174
aquatic biota . ... 3-2,3-7,3-t3,3-31,3'36-38,3'179,3-180
aquatic habitat 3-14, 3-180
aquaticmacrophytes.... ..3-15
aquifer . vili., 2-7, 2-t4, 2-26, 2-27,2-29-31, 3-52,3-59, 3-61-&,3-66-71,3-73,3-74, 3-78,3-8O,

3-83, 3-86, 3-87, 3-90,3-91, 6-5, C-2
archaeological .. .... 3-156,3-160,3-160,3-163,6-12,6-13
archaic stage . . 3-157, C-2
arsenic ..3-52,3-58,3-68-71,3-74,3-'15,3-78,3-81-83,3-91,3'143,3-t4-146,3-150,6-7,C-2
Arthur Facilities 3-lo3
ASARCO 3-159
AST. ..c-2
average sound level . 3-166
avifauna 3-16, C-2
bacldlling ....C-2
backgroundnoise. ...3-l&,3-169,3-l7l,C-l
BACT ......c-2
bald eagle . . . 3'6,3-17, 3-21,340, 3-181, C-2
Bald Eagle Act of 1940 3-6, C-2
bargepumps... ....3-172,C-2
bassia 3-lo, 3-11,3-23, c-2
bedrock .. viii,2-'1,3-59,341-63,3-67,3-68,3-73,3-90,3-91, C-3

Beneficial Impact 34, C-3
berm . . 24, 2-9, 2-12, 2-2I, 2-37 , 3-23, 3'39,3-99, 3-100, 3-172,6-8, C-3
BestAvailableControlTechnology ......C-2
Bingham Canyon Mine . . . 2, l-1, l-6-9,2-1,2-3,2-5,3-112,3'116,3-126,3-129,3-132,3-134,

3-1, c4
biota . 3-2, 3-7, 3-13, 3'31,3-36-38, 3-179,3-180, C-3

biphenyls C-3, C-14
birds . . . 3-6, 3-7, 3-15, 3-16, 3-20-22, 3-24, 3-25,3-30, 343, 3-l&, 6-24, C'2, C-7, C-14, C-16
blacktern ."' 3-25,341
Blanket Drain 2-2, c-3
BOD5 3-53,3-56, C-3
bolleana 3-123, C-3



Bonneville Clay . . . 2-23,240,3-61,3-63,3-&,3-79,3-8y',3-87,3-88, 3-91, 3-94, 3-99,3-100,
3-145,6-7,6-8, C-3

Bonneville Gate . 3-105
Boston Consolidated Copper Mining Company Ltd. . 3-159
Bouguer gravity survey 3-93, C-3
Bramwell silty loam 3-97, C-3
Brighton Drain . . 3-14,34,348,3-55, 3-160
brines . 3-67
Bureau of Land Management 3-113,6-8,6-11, C-3
c-7 Ditch . . viii, 2-31, 2-37,240, 3-9,3-11,3-14,3-18, 3-33-38,34346,3-52-56, 3-90, 3-lW,

3-108, 3-112, 3-117, 3-14, 3-170, 3-17 6, 3-182, C4
c-7 west Ditch . 3-9, 3-14, 3-15, 3-33,3-37,3-38, 3-53, 3-90, 3-111, 3-180
ctuqA . 3-174, C4
cadmium . . . 3-52, 3-68-7I, 3-74, 3-75,3-78, 3-81-83, 3-91, 3-145, 3-146,3-150, 6-6, C4
California gull . 3-39
CategorylCandidate Species ....3-19
Category lCandidateSpecies(Cl) .....3-19
Category2CandidateSpecies ....3-19
Category2CandidateSpecies(C2) .....3-19
Category 3 (C3) 3-19
cations 348,3-82, C4
CentralFlyway ....3-16
cEQ. ..1-10,2-11,4-1,4-2,c4
CERCLA ....3-141,3-142,3-146,3-154,3-183,C4
cFR . 1-10, 3-1, 3-6,3-14t,3-143,3-149,3-155, 3-162,3-163, 4-1, 4-2, C4
channel bed substrates . . . 3-15, C4
Chewon Phosphate Plant . . 3-66, 3-72, 3-80, 3-87,3-143, 3-lM, 3-147, 3-147, 3-152'154
chloride 347, 348,3-55, 3-58, 3-68, 3-70, 3-72, 3-82,3-85, C4
chub . . . . . 3-14, 3-29, 3-37,3-41, 3-180
Class 3 waters 347, C4
Class 3D standards .. . 343,347
ClayHollow ... ...2-25
Clean Water Act 2, l-9, l-lD, l-12, 24,2-10,3-6,3-31,3-34,347,3-65,3-l8l., 4-7, C-5
closed basins 3-ll,3-36, C4
composite :.... .2-26,2-27,2-31,2-36
concentrator . . . 1-1, 1-3, l-5-7,2-15,2-25-32, 2-36,3-68,3-74,3-103, C4
Coon Canyon 24, 2'7, 2-27

copper . 2, ix, 1-1, 1-3, l-6, l-7, l-9, 2-1, 3-1, 3-14, 3-52,3-55,3-58, 3-68-70, 3-74, 3-75, 3-78,

3-80-83, 3-86, 3-87, 3-90, 3-91, 3-102,3-116, 3-125, 3-130-132,3-140, 3-14,
3-145, 3-152, 3-159, 4-1, 4-3, 4-6, 5-1, 5-2, 6-1, 64-11,6-13, C-l1, C-13, C-2,

c-3
copperton concentrator . . . I-3, l-6, 2-7, 2-15, 2-25-27, 2-29-31
CorpsWetlandsDelineationManual .....3-7
Council of Environmental Quality . . 4'l
County Road 8000 West . l-3, 3-101
cultural resource 3-3, 3-l&,5-1, 6-11

cyclonestation ..... C-5
decant pond l-5-8, 2-1,2-3, C-5
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delisting 3-22, C-5
Departrnent of Water Quality 3-147, 6-5
depauperate 3-38, C-5
dewatering . . . . 2-21, 2-25,2-37, 240,3-36,3-77,3-99,3-100, 3-130, 3-131, C-5
discharge from springs and seeps . . . 3-63,3-U
disjunct 3-29, C-5
disturbedatea. .....C-5
disturbed land . 3-11, 3-15
Division of Oil, Gas and Mining . . . . l-L2,3-12/+,4-6
DOGM 3-97, 6-7, C-5
Draft Environmental lmpact Statement . . . 1-10, 3-1, C-5, C-2
drainage blanket 2-2,3-ffi,3-72,3-79,3-84, 3-85, 3-88, 3-89, 3-91,3-lll,3-141,3-152,3-176,

c-5
drawdown ....C-5
drinkingwatersources .....2-7
Dry Fork/CarrFork ... .24,2-28,2-29
dryphosphatefertilizers... .3-147,C-6
dustcontrol .... ...1-3,2-3,3-122,3-L23,3-173-175,3-177,3-179,3-183,3-184
DWQ . 3-71,3-99,3-91,3-92,3-93,3-147,3-148, C-6
earlyarchaic... 3-157
edaphic ......C-6
electrofishing... 3-13,C-6
elk .. .. 3-17,3-39
embankment design criteria 2-L2, C-6
Emergency Response Notification System . . 3-151, C-7
emergentmeadows ....3-10,3-11,3-33
emergent wetlands 2-V+,3-179
endangered 3-6,3-18-22,3-29,3-32,340,44,6-3, C-5, C-6, C-10, C-17-19
Endangered Species Act of 1973 . . . 3-6
EPCM . 3-t37, C-6
ephemeralstream .... C-6
ERM 3-7, C-7
ERNS ..3-t5t,C-7
ethnographic... ....3-155,C-7
ethnohistoric... ....3-155,3-158,C-7
evaporation ponds 3-15-ll, 3-23, 3-55, 3-56, 3-72,3-85, 3-87, 3-90,3-9O, 3-96, 3-l0/., 3-159,

3-160, c-7
Executive Order 11990 . . . . . 3-7
extinct mammals 3-L57
eyries 3-21, C-7
FDAP ..3-t76,C-7
Federal Highway Administration . . 3-167, 6-13
Federal Land Policy and Management Act of 1976 . . . . . 3-6
Federal Register l-ll, 3-29, 4-2, 4-3, 44, 4-'7, 4-'7, 6-3, 6-5, C-7
femrginoushawk. ....3-17,3-24,341
FffWA 3-108, 3-168-169, 6-13, C-7
floristic 3-33, C-7
FLPMA 3-6, C-7
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forb 3-10, 3-12, C-8
Fremont Cultural Complex 3-157
gadwalls 3-17
Garfield Plant 3-2,3-141,3-143, C-8
geomembrane... 2-14,2-26,2-27,2-36,C-8
geomorphic... .....C-8
geotechnical 2-L3, 2-23, 5-2, 5-3, 6-7,6-8, 6-10, C-8
Gilmore Livestock 3-104
Goggin Drain 3-23,3-144
GoldenGateAudubonSociety ....3-7
gradient 3-62,3-66,3-72,3-85,3-91,3-93, C-8, C-14
graminoid 3-10, C-8
Gransville 3-158
grasslands . . 3-12,3-17,3-35,3-39, 3-185, C-8
gravel zone . 3-62,3-63, C-8
Grays Lake National Wildlife Refuge 3-22
Great Basin Region . 3-20
Great Salt Lake . . . 2-7,3-8, 3-15, 3-16, 3-21-23, 3-25-27, 34145, 348, 3-53, 3-55, 3-56, 3-62,

3-66-71,3-89, 3-90, 3-93, 3-95,3-96, 3-109, 3-110, 3-112, 3-ll5-117,
3-l 19 -12r, 3-125, 3-125, 3-145, 3- I 50, 3- I 5Gl 58, 3-163, 3-169, 3-182, 3-1 85,

3-186, 44-5, G1-3, 6-5,6-7,6-8,6-13, C4,C-16
Great Salt Lake State Park 3-109, 3-l10, 3-113, 3-115-117, 3-119, 3-120,3-125,3-186, 3-186
GreenRiver ..3-22,341
gross regional product 3-132, 3-137, C-9
ground water protection regulations 3-58
csl . 3-59,3-61-63,6-5
guggenheims... 3-159
gull colony 3-8,3-9,3-33,3-103, 4-5
Hansel valley 3-96
Harker's Canyon .... 2-25,2-27
herpetofauna... 3-15,C-9
hibernacula 3-28, C-9
historicproperties ....2-21,3-155,3-156,3-159-l&,3-1,84
historypology ......C-9
Hukunduka 3-158
hydraulicgradients ...3-59,3-62-&,3-91,C-9
hydrogeology ......3-7
hydromulching 3-178,3-184, C-9
hydroseeding .. 3-123,C-9
IBT . . .3-137,C-9
IMPLAN ... 3-131,3-132,3-134,3-139,3-140,C-10
in situ . . 3-99,3-100, 3-157, C-10
industrial land . 3-102,3-103, 3-166, 3-l7O
interlacustral environments . 3-94
Intermountain Seismic Belt . . 3-96, C-10
interstitial 3-66,3-72, 3-81,3-83, C-10
iron .. . .3-14,3-52,3-55,3-58,3-82,3-84,6-6, C-10
ISB . . C-10
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Jordan silty clay loam 3-97, C-lO
JordanValley ...3-93-95
Kersey Creek .. .3-14,348,3-52,3-56
L10 Value 3-166
lacustrine zone 3-62
Lake Bonneville . 3-93-95,3-112
lanceolate ...3-157,C-ll
landform contrast . . . 3-118, C-11
Landscape character . . 3-2,3-115, 3-ll9
leachate . . .3-66,3-72,3-75,3-75,3-81-83, 3-85, 3-89,3-152, C-11
lead . ...2,l-10,2-29,3-1,346,3-52,3-68-70,3-74,3-75,3-78,3-81,3-82,3-90,3-91,3-135,

3-142, 3-145, 3-146,3-150, 3-156,6-6, C-l I
leastchub ....3-29,341
Lee Creek viii, 3-14, 3-23, 3-37, 34446, 348, 3-52,3-55, 3-56, 3-58, 3-90, 3-111, 3-14,3-185
Lee Creek Outlet . 3-55,3-56, 3-58, 3-90
Little Valley Wash . . 2-27
loggerheadshrike ....3-23,3-41,3-181
long-billedcurlew ..3-26
Los Angeles and Salt LakeAJnion Pacific Railroad 3-160
Low Impact ... 34,3-31,3-33,3-35,3-37,3-98,3-119,3-120
low-lying basins 3-ll
LowerBonnevilleClay. ....3-79,3-95
Lower Lee Creek 3 444,348, 3-90, 3-185
Mackey landfill 3-104
macroinvertebrate ...3-14,C-11
macrophytes... ....3-15,C-ll
Magna Community Plan . 3-105, 3-109
mamrnalogy 5-3, C-11
Mammals 3-7, 3-15,3-17, 3-22,3-24-27,3-30, 3-38, 3-39, 3-157,3-157,3-180, 6-2, 6-3, 6-5,

c-l1
MaximumCredibleEarthquake ....3-96,C-12
megafauna ..3-157,C-12
Memorandum of Agreement . 3-163
MigratoryBirdTreatyActof 1986 ......3-6
monitor wells 3-67,3-72,3-86, 3-88, 3-89, 3-91, 3-154
Morton Sdt . . . . 3-2, 3-9, 3-23, 3-66, 3-72,3-85, 3-87, 3-100, 3-103, 3-105, 3-141,3-143, 3-14,

il1"Jtr'.;;;:;;;;; ;;; : : : : : : : : : : : : : : : 

:':: 
I 

ri. fr'*llllt'Xl
NationalPrioritieslist. ...3-142,C-12
National Register of Historic Places 3-3,3-155, 3-160, C-13
National Wetland Inventory 3-7,6-5, C-13
Native American 3-155, 3-158, C-
NEPA .. l-10, l-ll,2-11,2-3',7,3-1,3-5,3-6,3-155,4-1,4-2,C-12
NESHAP ...3-l4l,c-12
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No Federal Action . . iii,24,2-15,2-37,3-32,3-34,3-36,3-38,342,34,3-53,3-86,3-88-91,
3-98, 3-99, 3-107, 3-llg, 3-126, 3-129, 3-134, 3-153, 3-161,3-llo-172,3-177,

3-186
No-Identifiablelmpact... ..34
Noise Abatement Criteria 3-168
non-waterdependent ..... C-12
North Concentrator 1-3, 1-5, l-6, 2-26-28,2-32,3-68, 3-103
North Expansion Reduced . . 2-24
northern goshawk 3-25,341,64
Northern Shoshone 3-158
Notice of Availability . l-11,4-6,4-7, C-12
Notice of Intent l-12,2-11,4-1,44,6-7
NPL . .3-t42,C-12
NRIIP ..3-160-162,3-183,C-12
NWI . 3-7, C-t3
oBE . . C-13
Off-Site Alternatives . . . iv,24,2-5,2-8,2-9,2-15,2-20,2-25,5-l
open-pit copper mine . 1-1, 1-6, C-13
Operating Basis Earthquake . 3-96, C-13
Oquirrh Mountains . . l-1, l-3,2-7,2-21,2-25,2-27-31,3-16,3-17,3-59,3-62,3-66,3-68,3-71,

organic . .'-:.': .'.?] . i l*. ' '::' .i l]] . i-ll:' ' :?'''."?l;l,l1i;,';!lrl;,'turtr
outlier .....C-13
overflow . 2-1,2-3, 2-9, 2-13, 2-24, 2-38,3-8,3-9,3-33-35,3-37,3-103, C-5, C-13
overstoryspecies ... C-13
PacificFlyway ....3-16
Paleo-Indian . 3-156,3-157,C-13
paleontological . . 4-6,6-11,6-12
pallative 3-122
palustrine 3-8,3-10,3-11,3-18, C-13
passerine ....C-13
pastures . 3-12,3-26,3-28
penstemon ...3-122,C-14
peregrine falcon 3-17,3-20-22,340,341,3-181,64
perennial 3-8, 3-20, C-14
peripheral discharge system . . . 1-3, l-5, l-'1,3-175-178, C-14
periphyton 3-13, 3-14,3-37, C-14
permeabilities 3-61,3-62,3-&, C-I4
Permitting feasibility . 2-11,2-13
petroleum 3-141,3-147,3-153,3-154,3-183, C-14, C-19
phalaropes ... 3-17
phosphate . . . 3-66, 3-72, 3-80,3-87, 3-100, 3-141, 3-143, 3-14, 3-146, 3-147 , 3-152-154, 6-10,

6-ll, c-6, c-8, c-14
phosphoricacid. ...3-147,3-150,C-14
PineCanyon... 2-7,2-31
pinyon . 3-28,3-157, C-L4
pithouse ....C-15
plant species . . 3-6, 3-10,3-11, 3-19, 3-20,341,3-181
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playa . . 2-'1,3-6, 3-10, 3-17, 3-23, 3-112, C-ts
Pleistocene . . 3-93,3-112,3-156
Polychlorinatedbiphenyls.. .....C-14
ponar ..3-13,C-15
population growth rates 3-126
ppm. ..348,3-52
preble's shrew . 3-27,341
prehistoric caves 3-16l
principal aquifer . . . . ii, 3-59,3-61-63,3-67,3-69,3-71,3-73,3-90
Promontorymountains ....3-96
Proposed Action . . . iv, 1-10, 1-11, 2-1, 2-3-5, 2-20, 2-37, 241, 34-6, 3-2O, 342, 3-162, 3-180,

protohistoric... ..'.i11'.1t.r.'.'.01;-?;l 3:l!
Provo Lake . 3-ll2
pump house . C-15
pygmy rabbit .. 3-n,341
Quaternarysediments .....3-93
RACT 3-174, C-15
radial flow 3-84, 3-88, 3-91, C-15
radionuclides... 3-81,3-83,3-84,C-15
Railroad right-of-way 3-154
raptors 3-16, 3-l'1, 3-21, 3-24,3-40, C-15

RCLs . 3-141, C'16
Reasonably Available Control Technology 3-174, C-15
Recommended Clean-up Levels . . . 3-141, C-16
Record of Decision (ROD) . . . 1-l l, 4-'l
Reduced North Expansion . 2-10,2-31-33
remediation 3-142,3-152-154,4-6, C-16
revegetated ...1-5,3-125
richtermagninrde ....3-96,C-16
RiterCanal ... 3-18,343
Riter Drain 3-160
RiterStation... 3-160,3-161
sacaton . 3-12, C-16
Safe Drinking Water Act . . 3-65
saline playas . . . . 1-9, 2-24,3-8-lO, 3-12, 3-16,3-33-35, 3-38, 348, 3-103, 3-115, 3-179,3-181,

c-16
salt evaporator impoundments . . 2-23,2-38,34,342
Salt Lake City County Health Departrnent 3-166
Salt Lake City Draft Northwest Quadrant Master Plan . 3-105, 3-109
Salt Lake City/County Landfitl Parcel 3-104
Salt Lake, Garfield, & Western Railroad 3-161

Salt Plant 3-2,3-66,3-85, 3-87, 3-141,3-143, 3-14, 3-l5O-152,3-154,3-183, C-8

Sdtair Beach 3-112,3-l 15-117,3-119, 3-120, 3-125
Sdtair North 3-15
Saltair Resort 3-23, 3-96, 3-97, 3-116, 3-117, 3-159,3-166-t72,3-186, 6-l l
San Pedro, Los Angeles & Salt Lake/Los Angeles and Sdt Lake Railroad . . 3-161

San Pedro, Los Angeles & Salt Lake/Los Angeles and Salt Lake Railroad . . 3-161
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sanderling ...3-I7
sandy alluvial land . . 3-97
sandy borrow pits . . 3-97
SARA TitIE Itr I-12
screening 24, 2-lO, 2-ll, 2-15, 3-143, 6-l
sedentism ...3-157,C-16
seismic . . 2, l-7-10,2-12,2-21,2-25,2-26,2-28,2-37,240,3-96-100, 3-182,4-6,5-2,6-1,6-8,

c-10, c-16
selenium . 3-52, 3-55, 3-68-71, 3-74, 3-75, 3-78,3-81, 3-82, 3-90, 3-91, 3-14, 3-16, 3-150, 6-6,

c-16
Sensitive Viewpoints . 3-2,3-113,3-115, 3-116,3-118,3-119
SettlementCanyon ... 2-30,2-31
Sevier lake . 3-ll2
shadscale .... 3-12,3-27
shallow aquifer . . . . ii, 3-52, 3-59,3-6I-9,3-67, 3-68, 3-70, 3-71, 3-73, 3-74,3-80, 3-83, 3-86,

3-87,3-90
SHPO . 3-160, 3-163, C-t7
single-point discharge l-3,3-lll, C-L7
sIP ..3-t73,3-174,C-17
Skull Valley 3-158
slurry . 1-1, 1-5, l-8,2-2,2-5,2-12,2-14,2-23,2-29,2-30,2-37,3-66, 3-72-74,3-80, 3-86, 3-87,

3-89, C-17, C-19
Special Status species . . 3-2, 3-3, 3-6, 3-7, 3-16,3-18, 3-30, 3-31, 340, 342, 3-180, C-17
splitter box . l-3, C-17
spotted bat 3-28,341,6-3,64
spott€d frog . 3-28,3-29,341,6-3
Spritz Creek . 3-14
Stansbury 3-96,3-112,3-122,3-123
starter dike .2-2,2-23,2-26-28,2-38,34,3-111, 3-176, C-I7
State Highway 201 . . 2-21,3-100, 3-101
State Historic Preservation Office . C-17
State Implementation Plan 3-173,6-1,6-13, C-17
State Road 201 3-115
state Road 202 3-103,3-115
subirrigated ...3-20,C-17
subpopulation . 3-19, C-18
Substantial Noise Increase Criteria 3-168
sulfuric acid . 3-147, C-18
superfundsite ...3-2,3-14l-143,3-154,3-183
tackifer .....C-18
tamarisk 3-8,3-9,3-11,3-12,3-38, C-18
TCLP .3-149,3-150, C-19
TDS . ... 3-49,3-55,3-66,3-69-71,3-73,3-74,3-79,3-92,3-95,3-90,3-gl, C-lg
threatened 3-6,3-18-20,3-22,3-29,3-32,44,6-3, C-5, C-17, C-18
Timpanogots Ute 3-158
toe dike 2-2,3-lll,3-176,3-182, C-19
toeditch ....2-2,2-3,240,3-34,3-124.C-19
Tooele Army Depot . 2-29
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topsoil erosion 3-182
tordon 3-149, C-Lg
TotalPetoleumHydrocarbons ... C-19
transition dikes 2-1, C-19
Traverse Mountains . 3-95
UAC . 3-141. C-19
UDAQ . .3-t73-17S, C-rg
UDEQ . 3-71, C-t9
IJDOT 3-109, C-19
IJDWR ..3-6,3-7,3-19,3-21,3-29,341,C-tg
underflow . . . .2-l-3,2-2t,2-23,2-38,3-77,3-176, C-5, C-19, C-20
UndergroundStorageTank. .....C-20
understory species 3-11,3-12, C-20
UNHP 3-6, C-20
Union Pacific Railroad . 1-3, 2-21, 2-23, 2-36, 240, 3-33, 3-37, 3-39,3-101, 3-103, 3-109, 3-110,

3-ll7, 3-125, 3-141, 3-151,3-160, 3-170, 3-176, 3-182, C-20
Union Pacific Resources-Minerals . 3-103, C-20
United States Fish and Wildtife Service . . C-20
LJP&L . . 240,3-34,3-101,3-1U,3-110, 3-117,3-182, C-20
LIPDES l-12,3-14, 4-3, C-20
uplandcommunities... ...3-11
Upper Bonneville Clay . 3-79,3-94,3-99, 3-100, 6-7, 6-8
L,PRM 3-103,3-105,3-109,3-110, C-20
IJPRR 240, 3-34, 3-101, 3-103-105, 3-107 , 3-108, 3-110, 3-lll , 3-141, 3-182, C-20
urbanforest ...3-11,3-12
usc. ..3-65,3-140,3-t4t,c-20
usDI 3-7, C-20
usF'ws . 3-6,3-18-20,3-22,341, C-20
usT . . 3-151, 3-154,3-183, C-20
Utah Administrative Code . . . 34'7,3-141, C-19
Utah Department of Environmental Qudity l-12,3-71,3-142,3-173,4-3,6-5,6-6,6-11, C-19,

c-2, c-3
Utah Division of Wildlife Resources 3-6,3-29,44, C-Ig
Utah Natural Heritage Program 3-6, C-20
Utah Pollutant Discharge Elimination System . . . C-20
UtahPowerandlight .... C-zO
Utah-SaltlakeCanal .....343
uteladies'resses ....3-20,341
vegetated playas 3-179
vegetation contrast 3-118
Visibility 3-114-116
visual buffer 240, 3-34, 3-97, 3-122-124, 3-172, 3-173, 3-176, 3-182,3-186
Visual Resource Management Inventory and Contrast Rating System . . . 3-113, 6-8
Visual Sensitivity 3-113,3-115,3-116
WasatchFront. ...3-l'1,3-20,3-29,3-125-ln
Wasatchrange. ....3-21,3-t12,3-116,3-121
watercourses... 343,3-55,C-2O
Weber Ute 3-158



west c-7 Ditch ii, 2-31,240,3-34,34346,3-52, 3-54,3-90
WestValley ...2-26,2-36,3-96
western least bittern . . 3-26,341
WesternPacificRailroad ...3-l6Ll62
western snowy plover . 3-22,3-41, 3-181
whoopingcrane. ....3-22,340
WildlifeResourcesCode ...3-7
wireway ....3-137,C-21
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APPET\.DD( D

I Agencies , Organrzations and Individuals Receiving this

I 
Preliminary Draft Environmental hnpact Statement
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APPEI\DIX I)

Mr. Art Champ - Chief of Regulatory Section
U.S. Army Corps of Engineers
Sacramento Distict

Mr. Larry Vinzant
U.S. Army Corps sf Fngineers

Sacramento Distict

Mr. Brooks Carter - Field Supervisor
U.S. Army Corps of Engineers
Utah Regulatory Office

Mr. Mchael A. Schwinn - Project Manager
U.S. Army Corps of Engineers
Utah Regulatory Office

Ms. Paula Doughty - Environmental Engineer
Kennecott Utah Copper Corporation

Mr. Robert E. Dunne - Project Manager
Kennecott Utah Copper Corporation

Mr. John Whitehead
Utah Deparhent of Environmental Quality
Division of Water Quality

Mr. Randy Taylor
Utah Deparment of Environmental Quality
Division of Environmental Response &

Remediaton

Mr. Walme Hedberg
Utah Departnoent of Natural Resources
Division of Oil, Gas, and Mining
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